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INTRODUCTION 


In July of 1974, in response to the Announcement of Opportunity for 
Spacelab UV-Optical Telescope (SUOT), a group of astronomers at 
Johnson Space Center headed by Dr. Karl G. Henize proposed an , 

accessible-focal-plane telescope attached to the aft end of a Spacelab 
jjressurized module. The rationale for such a configuration was to 

i. 

j^rovide a facility for astronomy which met the fundamental concept of 

j 

Shuttle sortie operation - a facility in which astronomers could operate 
low-cost manually -controlled instruments in a shirt-sleeve environment. 

'5 

Although the proposal was successful and Dr. Henize eventually was 
appointed Team Leader of the SUOT Facility Definition Team,, the Team 

i 

and its sponsors concluded that several possible disadvantages (mainly 
tlie complex interface with the Spacelab module) had not been sufficiently 
studied and chose to focus their attention on a pallet-mounted configuration^. 
Ini the meantime a study was initiated at Johnson Space Center to further 
inyestigate the feasibility of an accessible-focal-plane configuration. As 
a result, the Boiler & Chivens Division of The Perkin-Elmer Corporation 
wais contracted to perform a design study of an Accessible-Focal-Plane 
Telescope (AFPT) in sufficient detail to establish the feasibility of such 
a concept as well as its probable cost. The result of this design study 
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General Description of the Accessible Focal Plane Telescope 

A, Physical Arrangement 

The AFPT design resulting from this study may be divided into five 
general sections. The telescope tube, the telescope mounting, 
the airlock plus spacelab module aft plate, the instrument 
adapter, and the instrument package. These sections combine 
to make a system, which allows access to the image plane wifh 
instrumentation that can be operated directly by a scientist in 
a shirt-sleeve environment inside a Spacelab module. See 
Fig. 1. 

B, Telescope Tube 

The basic optical and mechanical design of the telescope is 
adapted from the Ball Brothers SUOT design.(ref. 1 . 2) Modifications 
consist of the removal of the instrument package, the addition 
of a third mirror to divert the last 1,5 meters, of the optical 
path at a right angle into the spacelab module, and redesign 
of a portion of the telescope tube in order to interface it with 
the mount. The resulting configuration is shown in Fig. 2^ 3 & 4. 

C, Telescope Mount 

The mounting interfaces with the telescope tube and the spacelab 
module and provides the required coarse pointing and guiding 
motions. It also provides support for the telescope tube during 
launch and re-entry. The mounting is joined directly to the 
SpS'Celab module and does not require pallet support. In addition, 
the interface of the mount with the module has been designed so 
that support from the end cone and aft plate is not required. 
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C. (cont'd) 

No stressing of these sections occurs at any time during 
. a shuttle flight due to the presence of the telescope mount. 
This is important during launch and re-entry. 

D. Airlock and Aft Plate 

The airlock is mounted to the interior side of the spacelab 
module aft plate and is the same design used on Skylab. 

The aft plate is a modified version of the design, (ref. 5). 

It contains mechanisms for locking the telescope in its 
stowage support cradle for launch and re-entry as well as 
mechanisnis for locking the telescope mounting rigidly, 
relative to the aft plate once orbit has been achieved, 

E. Instrument Adapter 

The instrument adapter, which attaches to the airlock, 
provides a universal mount for a wide variety of different 
instruments. Special provisions have been made to accom- 
modate an electrographic direct imaging camera. The 
primary function of the instrtiment adapter is to de -rotate 
the image and to provide all the required error signals for 
tracking and stabilizing the image by means of a focal plane 
guiding system using focal plane detectors. This includes 
control of the secondary mirror for final image stabilization 
to ±, 03 arc sec. Secondary functions of the instrument 
adapter include a direct field viewing system for the purpose 
of target identification and alignment and providing a mounting 
surface for the Gascoigne corrector and field flattener. The 
instrument adapter has a quick-release retention mechanism 
for moxinting scientific instruments. This mechanism is 
similar to the one on the airlock. 


2 


Instrument Package 


For the purpose of this study, one instrument has been 
designed for use with the system. It is an echelle 
spectrograph which, with the interchanging of four sets 
of detectors, echelle and cross disperser gratings, can 

O 

cover the spectral range between 1200A and 1.03 
micrometers. 



Modification to the SUOT Tube Desig n 

A, Modifications to the Existing Design 

The modifications necessary to adapt the SUOT tube to 
the AFPT mount are shown in Fig. 2. They cousist primarily 
of the removal of the instrument package, the addition of a 
third mirror, and redesign of the graphite epoxy tube 
structure to accommodate a tilt axis support ring. 

••I , 

III the AFPT concept most instrumentation is located inside 
the spacelab module. However, it is highly desirable for 
two types of instruments, polarimeters and far UV (900-1100A) 
spectrographs to be located in the normal Cassegrain position 
in order to avoid the effects of the tertiary mirror (ref. 3). 

I 

Such a concept may be incorporated into the AFPT concept 
since there is a 1.4 meter clearance at the rear of the 

■ I 

telescope. Such an arrangement would require only minor 

i 

modification of the present AFPT design to allow the tertiary 
ihirror assembly to fold back out of the optical path, much 
like removal of Coude mirror systems on conventional ground- 
based telescopes. 

B. Tertiary Mirror Mount 

■ ' ' i • . ' 

The mounting arrangement for the third mirror is shown in 

. I . . ■ ' . 

Fig, 2. As can be seen, it is supported by a structure 
extending through the hole in the primary mirror. The 
material chosen for this structure is the same graphite 
epoxy used for the telescope tube. This results in good 
diermal stability for the position of the mirror along the 
optical axis. The mirror mounting is also provided with 
a mechanism for tilting it from its nominal position 
(45 “ to the axis) by an amount equal to one half the 
angle the telescope optical axis is tilted from its nominal 


(Cont’d) 


position, (90° to the axis of the spacelab module). See 

i 

Fig. 3. This mechanism is required in order to maintain 
the axis of the last 1. 5 meters of the optical path exactly 
in alignment with the instrument adapter which houses the 
Gascoigne correctors and field flattener. It is driven 
mechanically by the movement of the main telescope tube 
relative to the mounting. It is located at the side of the 

i 

tube in the vicinity of one of the fork arms. The mirror 
i 9 driven by a torque tube which is optically in line with 
one of the secondary spider vanes and exactly on axis with 
the tilt axis bearings. 


The half angle tilt mechanism (Fig. 3) has been used by 
Perkin-Elmer in similar applications. The mirror tilts 
±3. 75“ on a flexure mount which provides a preload for 
the mechanism. The linear translator is a ball bushing 
mechansim. Experience has shown that the smoothness 
and precision of motion of this mechanism is in the ±1. 0 arc 
second range. 


One area of concern relative to the implementation of the 
third mirror was its effect on the baffling of the telescope 
system. Since observations will be made -in the day part of 
the orbit it is necessary to require that light from outside 
the field of view be reflected at least twice before reaching 

i 

the image plane. The resulting configuration is shown in 
Fig. 5. The initial AFP T optical design couldn't be fully 
baffled because of the light striking the tertiary mirror as 
shown in Fig. 5, ray A. However, a working solution was 
achieved by extending the telescope tube 10cm and shortening 
the tertiary mirror. 






















n. B. (Cont'd) 

Some vignetting results, but only in the guiding portion of 
the field. No part of the data field suffers any vignetting. 

The worst case vignetting in the guiding field is about 14%. 

G, Telescope Tube Modifications 

The modifications necessary to connect the mounting fork 
to the telescope tube are shown in Fig. 2. The metering 
tube is divided into two sections with the addition of a 
structural support ring between the two sections. It is a 
hollow rectangle in cross-section and has been designed to 

be considerably stronger than the rest of the telescope tube. 

■j 

The material chosen for this structure is the same graphite 
epoxy used in the SUOT design. This results in the same 
thermal stability as in the original design. 

D. Finder Telescope 

Ajwide-field (3® diameter) finder telescope is necessary to 
facilitate the acquisition of fields. Although Orbiter can be 
oriented to within 0.1 degree using its startracker s, pointing 
misalignments between the Orbiter startracker s and the 
payload experiment mount can be as large as two degrees. 

The optical system of the proposed finder telescope is a 
ipOmm aperture, f/1. 75 telescope which images a three-by- 
tliree degree field on view onto a 400-by-400 element charge 
coupled device (CCD). Such a system should be able to detect 
and track 10th magnitude stars accurate to two arc seconds. 
Such a finder telescope is being developed by a group headed 
by Mr. John McLauchlm at Jet Propulsion Laboratory (ref. 6). 
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III. Telescope Mounting 


A. General Configuration 

The general configuration of the telescope mounting is shown 
in Fig. 2. It is a fork type design with two duplex bearing 
sets supporting the telescope tube at the tilt axis and a single 
four point contact bearing supporting the mounting at the 
rotation axis. The tilt axis has a i7.5° range of movement 
and the rotation axis has a ±90“ range of movement. ±70“ 
oif the range is used for observing (no vignetting by the shuttle 
vehicle) with the remaining 10“ being used to bring the telescope . 

r 

tube into its stowage position in the launch and re-entry support 
structure. Both axes are driven by torque motors with tachom- 
eters. The tilt axis motor is capable of producing a torque of 
14 Ib-ft which is quite adequate for handling the bearing friction 

i 

which is expected to be on the order of 0.E5 Ib-ft. The rotation 
axis bearing, however, has quite a bit more friction; 44 Ib-ft. 

Iii both cases, the torque available above that required to over- 
come the bearing friction is required to provide the accelerations 
necessary to follow angular accelerations of the shuttle vehicle 
caused by thruster firings. The bearing friction, particularly i 
in the rotation axis, may vary as much as 20%, however, this 
is not a problem since it will occur on a very low frequency 
basis and can easily be handled by the servo drive system. A 
summary of the driving torques and resulting power requirements 
isi tabulated inAppendix A. Each axis also has a 17 bit absolute 

■ I ■ 

eiicoder for pointing to ±0,2 arc minute. More precision than 
this is not required since the telescope need only be pointed 
accurately enough to acquire the target in the 3“ field of the 
bore sight finder telescope mounted on the main telescope tube. 
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m. A. (Cont’d) 

The tilt axis encoder is mounted directly to the shaft while 
the rotation encoder is mounted off axis and coupled to its 
shaft by a 2:1 gear train. 

B. Interface with Spacelab Module 

It is a basic guide line of the study to minimize the mechanical 
interface between the AFPT mount and the spacelab module. 

This has been achieved by supporting the AFPT on a cone which 
covers the aft cone structure of the spacelab module without 
torching it. The base of the support cone attaches directly to 
the structurally sound bolt ring at the aft end of the cylindrical 
section of the module. This ring also provides the structural 
tie; between the module and the shuttle. During launch and re-entry 
the AFPT facility is attached only to the bolt ring. During orbital 
operations {when the mount is subjected to very little stress) 
it is necessary to directly connect the airlock in the module 
aft plate to the telescope mount in order to preserve precise 
optical alignment and focus during observation. Such a connection 
does not constitute a modification to the existing module aft ' 

plate since it is proposed that the existing aft plate be replaced 
by a special one tailored to accommodate the airlock and the 
above-mentioned connectors. Thus, the only interface with the 
module required by these modifications will be a replacement 
of the aft plate plus the attachment of this base of the support 
cone to the spacelabs bolt ring. 

C. Launch and Re-entry Support Structure 

The mounting is also provided with a launch and re-entry support 
structure for the telescope tube, Fig. 6. It is mounted to the 
support cone which interfaces the mounting to the spacelab module. 
The axis of the telescope is parallel to the Y axis of the shuttle 
vehicle during launch and re-entry. Locking of the telescope in 
this position is accomplished by driving it to the zero position 

and actuating a manual mechanical linkage from inside the space- 
lab module. The linkage operates through a rotary vacuum feed- 
thrcugh in the aft plate. 
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Construction 


Construction of the mounting is largely of welded aluminum 
plate {2219-651). Some of the smaller sections are machined 
from solid stock. One concern with the alximinum structure is 
that parts of it retain steel bearings. Differences in the relative 
coefficient of expansion must be accounted for in the mounting 
design. As a result, it was decided to control the temperature 
of these sections by thermal heating and blanketing. The design 
calls for thermal blanketing of some parts of the dynamic portion 
of the mounting in the vicinity of the bearings and complete blan- 
keting of the support structure which interfaces the mounting 
^th the spacelab module. The weight of the mounting 
and telescope tube is 995 kg (2194 lbs). The- mounting 
by itself weighs 542 kg (1194 lbs). 

Structural Considerations 

The structural analysis of the telescope mount is detailed in 
Appendix A. The stiffness of the mounting is high resulting in 
natural frequencies of 50.5 Hz in the X*^axis, 33.6 Hz in the Y- 
axis, and 41.7 Hz in the Z -axis. As a result of the telescope mount 
being relatively stiff, most of the stress levels in the structure 
itself are quite low, even considering the worst case conditions 
which occur during "solid rocket cut-off" for the X-axis, and "launch 
release" for the Y-axis and the Z-axis. Stressing of the spacelab 
module due to the presence of the telescope mounting is also quite 
low. It is about one-eighth the stress caused by the internal 
pressurization of the module. 


III. F, Performance 

There does not appear to be any problem, with the capability of the 
mOTinting to track under normal conditions to ±2 arc seconds. 
Calculations detailing the effects of crew motion and thruster 
firings on the tracking precision are tabulated in Appendix B. 
Indications are that both the crew motions and small thruster 
firings have about the same effect on the telescope pointing errors(ref. 
The magnitude of the telescope pointing and final image stabilization 
errors are, of course, dependent upon the characteristics of the 
servo system employed. 

It is recommended that a non-linear digital servo system controlled 
by a computer (mini or microprocessor) be used to control both 
the rate at which the main telescope mount is driven and the tilt 
angle of the secondary mirror. In such a servo system, the 
computer samples the angular error of the image from its nominal 
guiding position (as indicated by the focal plane tracker) at intervals 
equal to T, where T equals the time constant of the trackers, and 
makes corrections by tilting the secondary mirror. The computer 
also makes corrections in the speed at which the main telescope 
mount is being driven according to the following algorithm.: 

A wm. = 4r (K J 

T ' T T-l' 

■ . . . i 

Where A dOm equals an incremental drive speed correction (arc 
sec/sec), T (as mentioned above) equals the time constant of the 
focal plane tracker (sec.^ 0,^ equals two times the angle the 
secondary is presently tilted from its nominal position (arc sec), 

0 ^ j is the same value for the last sample, and K is a constant , 
which determines the effective damping characteristic of the 
system. The system is critically damped when K=2. 0, over 
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Performance - (Cont'd) 

damped when K is less than 2. 0 and under damped when K is 
greater than 2 . 0. 

The excursion of the image from its nominal position in the 
focal plane due to vehicle disturbances is very dependent on 
the time constant of the CCD focal plane tracker. With a time 

I 

constant of 0. 1 sec, crew motions can cause the image 
to be outside the desired ±.03 arc sec for short periods of time 
However, if the tracker can be operated with a 0.05 sec time 
constant, the image could be kept within the ±. 03 arc sec at all 
times. Minimum errors, of course, will result when the 
system is critically or slightly under damped. 


IV . Airlock and Aft Plate 


A. As a cost saving measure it was directed that the design of the 
airlock be the same as that of the existing Scientific Air Lock 
(SAL) of Skylab. It is a fortuitous coincidence that its 20cm x 
20cm aperture is just adequate to transmit the converging 
optical beam. 

To accommodate the SAL as well as the mechanisms for locking 
the aft plate to the telescope mount and for locking the telescope 
into its launch cradle the aft plate has been redesigned. 

The mechanism for locking the aft plate and mounting together 
is shown in Fig. 2. It is a push-pull coaxial screw arrangement 
which, is actuated with three rotary knobs from inside the space- 
lab module. One knob extends a part which engages a conical 
siocket on the telescope mount. A second knob locks the extended 
part and conical socket together. The third knob locks the 
extension thread eliminating all freedom of movement between 
the aft plate and telescope mount. The mechanism has been 
designed to be vacuum tight. Triple Viton O-ring seals are used 
on all rotating parts of these mechanisms. It should be noted 
that the aft plate is indirectly locked to a dynamic part of the 
mounting via a four point contact bearing. All freedom of motion 

i 

of the end plate relative to the dynamic portion of the telescope 

i 

mount is restricted except rotation. It would have been somewhat 
more desirable to lock the aft plate directly to a rigid static part of 

j 

the mounting. However, no space was available for implementation 
of such a structure. This is the result of the fairly limited 

i 

distance (1.5 meters) between the telescope axis at the tertiary 
‘ mirror and the image plane. The back focus of the telescope 
cpuld have been changed to increase this distance. However, 
it was a basic guideline that the existing SUOT optical design 
be used for the AFPT. 
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Instrument Adapter 

General Configuration 

The configuration of the instrument adapter is shown in Fig. 7. 
Mechanically, the instrument adapter is divided into two main 
sections, which are connected by a rotating vacuum joint. The 
front section connects to the SAL by means of a square flange. 
The rear section contains a direct field viewing system, sensors 
for the image motion compensation (IMC) system, mountings for 
two optical correctors, and a retention mechanism to which 
scientific instruments may be attached. 



The rotating joint is driven by two torque motors with tachom,- 
eters. Each torque motor is mounted off axis and drives the 
joint through a 10:1 gear train. One torque motor drives the 

joint, while the other controls the backlash in the gear train 

r 

t 

hy applying a reverse torque. The rotating joint is also provid- 
ed with a 10 bit encoder which is also mounted off axis and 
driven by means of two gear meshes of 10:1 and 1:10. A summary 
of the torque and electrical power requirements is outlined in 
Appendix A. The maximum speed at which this joint needs to be 
driven is 4. 6° /min which is the orbital rate plus the free drift 
rate of the vehicle. Slewing is accomplished manually. The 
limit of movement is ±360“ . 

■■'I 

The rotating joint is provided with a 10 bit encoder. The purpose 

i: ^ ■ 

of the encoder is to indicate the relative rotation orientation of 
the rear section of the instrument adapter to the telescope mount. 
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Instrument Adapter (Cont'd) 


B. Rotating Joint (Cont'd) 

This information is required in order to translate the direction 
of image motion sensed by the IMC detectors into telescope 
tilt and rotation corrections. The output of this encoder must 
be fed both into the telescope control computer, as well as 
into the servo system controlling the secondary mirror. 

Several vacuum seals were considered for the rotating joint. 

A STimmary of the drive and power requirements is detailed in 
Appendix A. The drive and power requirements tabulated are 
based on using lubricated double Viton O ring seals. There 
is no doubt that the Viton O ring seals can be qualified, but 
they have an undesirably high friction- about 10. 8 Ib-ft each. 

A considerable reduction in the drag could be realized if either 
Bal-seals or Omniseals could be used. Their drag is only 
1.25 Ib-ft for the Bal-seal and 1.6 Ib-ft for the Omniseal, 
However, it remains to be seen whether such seals can be 
space qualified. 

C, Direct Field Viewing System 

Also contained in the rear section is a direct field viewing 
system. It is used for field identification and fine alignment 
of the image. Viewing is accomplished by means of a 75mm 
focal length eyepiece and a diagonal mirror which can be moved 
in or out of the optical path. The field diameter is 11.0 arc 
minutes. The design can accommodate interchaingeable eye 
pieces so that very high power viewing of images is also 
possible. For example, a 15mm focal length eye piece may be 


V, Instrument Adapter (Cont'd) 

C. Direct Field Viewing System (Cont'd) 

used to give a power of 1000. Such an arrangement would 

i 

nllow the eye to achieve an angular absolution of about 0. 1 arc 
sec. Such a capability would be useful both scientifically 
(e, g. for visual observations of very close double stars), and 
technically (e.g. for monitoring image quality and mirror 
alignment). 

Di Image M!otion Compensation (IMC) System 

The IMC System consists of a pair of focal plane detectors, and 
a servo system, which corrects image motion by tilting the 
secondary mirror. The servo system and the drive for the 
secondary mirror are beyond the scope of this study and it is 
assumed that they are identical to those which were proposed by 
BBRC for SUOT. However, since the focal plane sensing system 
is an integral part of the AFPT instrument adapter, their nature 
and their positioning systems are included in this study. 

The sensors for the IMS system consists of two independent 
optical systems and detectors, each of which can access any part 
of a semi -field (See Fig. 8). Together, the whole field can be 
covered. The detector in each system is a 400 x 400 CCD array 
with elements on ZSpm centers. The device is currently being 
developed by JPL and is approximately 9mm square. It presently 
can detect image movements in the 2|j.m range. Its spectral 

O O 

response extends from 4000A to 900 OA. In the focal 
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Instrument Adapter (cont'd) 

D. Image Motion Compensation (IMC) System (cont'd) 

plane tracking system the CCD is capable of guiding with 
±0.03 arc seconds tracking error bn stars as faint as 13th 
magnitude. The mounting for the CCD detector is stationary 
Virhich allows thermoelectric cooling by a heat exchanger 
that is located on the outside of the instrument adapter 
housing. No plumbing for cooling fluids is needed since 
the exchanger is simply a metal heat sink device with fins. 


The optical system for each guider probe consists of a pick- 
off mirror, a collimator, a diagonal mirror, and a focusing 
lens. Movement of the pick-off mirror, collimator, and 
diagonal mirror, by means of mechanical controls on the 
outside of the housing, allows each CCD detector to optically 
view any part of a 100mm x 200mm area in the image plane. 

The pick-off mirror, collimator, and diagonal mirror all move 

as a unit. The distance between the collimator and pick-off mirror 

{. 

is fixed. The distance between the collimator and diagonal mirror 
varies depending upon where the pick-off mirror is located in the 

I 

image plane. Positioning of the pick-off mirror is bases on an 
X-Y coordinate system with independent controls for X and Y. 

The position is indicated to 1. 0mm by digital readouts. 

Optically, the CCD is located behind the Gascoigne corrector 

i 

bjut in front of the field flattener. As a result of this and the 

fact that the CCD is statically mounted, the image plane is 

... : 
slightly tilted when working with parts of the image plane other ' 

than the center. At the very edge this amounts to 11.0 arc 

i . 

minutes. This is not a problem, however, since the CCD 
works best on slightly defocused images which extend over at 
least a 2 X 2 element subarray. Since the telescope will 



Instrument Adapter (cont'd) 


D. Image Motion Compensation (cont'd) 

produce near diffraction -limited image diameters of about 
20pm, defocusing is required to produce images with approxi- 
mately 40pm diameters. The defocusing effect of the tilted 
image plane is small compared to images this size. Current 
tests at JPL indicate that the CCD is capable of detecting 
displacements of such images as small as 2pm (i. e. 0.03 
arc seconds). 

Diameter of the stellar image on the CCD is adjustable by 
manual controls on the outside of the instrument adapter 
housing which vary the distance between the focusing lens and 
the CCD. Whatever position the focus is adjusted to is auto- 
maltically maintained as the effective viewing position of the 
guider in the image plane is varied. This is necessary because 
the pick-off mirrors are before the field flattener in the 
optical path of the telescope. 

Alignment of each of the CCD arrays is such that it is parallel 
to 'the X-Y coordinate system for its effective optical location 
in the image plane as well as the slit of the spectrograph when 
it is in use with the system. The reason for this is that the null 
position for guiding on the CCD is shifted digitally to accomplish 
widening. 

Ordinary guiding is accomplished by using one of the CCD 
trackers to control movement of the main telescope mount 
motions (tilt and rotation) and the secondary mirror, while the 

i 

i 

second is used to control the rotation of the instrument adapter. 
Either tracker can serve either function. In addition, either 
tracker by itself can serve both f vine tions to a limited extent. 
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Instrument Adapter (cont'd) 

E. Optical System Correctors 

A Gascoigne corrector and a field flattener are mounted 
in the instrument adapter. The Gasgoine corrector is used 
in two versions which can be interchanged. One has a hole 
iti it for use with the spectrograph. In this mode the corrector 
provides the image quality required by the IMG detectors, yet 
passes a central beam to the spectrograph which is free of 
alisorption from the corrector material. The field flattener 
isi also removable for on-axis spectroscopy. Since spectro- 
scopy uses only the center of the field, correction for astigma- 
tism and field curvature is not needed. 

f 

F. Retention Mechanism 

The retention mechanism for connecting an instrument to 
the adapter is placed slightly ahead of the field flattener so 
that an electrographic direct imaging camera can be used with 
the adapter. This provides clearance for the magnet which 
extends out in front of this type of device. The retention 
mechanism is identical to the one on the SAL and allows 
mating and demating in a matter of seconds once the SAL 
is closed. 
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Echelle Spectrograph 


A. Configuration 

The spectrograph is a versatile instrument, providing high 
spectral resolution over a wide spectral range. The design 
is based on spectrographs used at ground based observatories, 
but modified to take advantage of the unique benefits of space 
such as the extended ultraviolet response and the diffraction 
limited telescope images. A single slit is provided for 
observations of stellar objects, and multiple slits, covering 
a 5mm (75 arc second) square format, for study of extended, 
emission line objects . 

Like virtually all astronomical spectrographs, this echelle 
spectrograph has a data channel consisting of a slit, collimator, 
dispersing elements, a camera, a detector, and auxiliary 
systems including the comparison light system, a viewing 
system and order blocking filters. 

In order to operate efficiently over the entire spectral range 

\ ' 0 o 

from 1200A to 10300-^) this range has been divided into four 
spectral regions. For each region, a specific echelle grating, 
cross dispersing grating, blocking filter, comparison source 
and detector are used. Table 1 lists these spectral regions 
and the required units. -> 

Figure 9 is an optical diagram of the spectrograph and Fig. 10 
is an outline drawing of the exterior configuration. The design 
has interchangeable slit assemblies consisting of several 



TABLE 1 




ECHELLE SPECTROGRAPH CHARACTERISTICS 


9 . 


1. Spectral resolution (A/A A); 1200/ (detector linear' resolution (mm) ) 

2 . Dispersion (A/mm); A (A)/l200 

c * 

3, Length of any order (mm); 1200/spectral order number 

4, Format, 25mm square 

5. Separation of orders; 1 to 3,1 nani 

6 , Number of spectral regions; 4 

7* Exposures required to cover any one spectral region; 3 
8,‘ Blaze angles 

a. Echelle, 63.435“ (R-2) 


b. Cross disperser, 11 
Spectral data 


Wave Length at Center of Order 


10 , 


Order 

Length i 

Separation 

Region 

Region 

Region 


nim _ 1 

mm 

1 

2 

3 


■ ’ 


A 

A 

A 

48 

• 25 

3.1 

2100 

3570 

6060 

50 

24 

' 2.8 i 

2016 

3427 

5818 

55 

1 2lt8 

2.3 ! 

1833 

3116 

5289 

60 

20 

2.0 : 1 

1680 

2856 

4848 

65 

18.5 

- Ik 7 ... 1 

1551 

2636 

4475 

70 

17.1 

1L4 

* i440 

2448 

4155 

75 

16 

1.3 

1344 

2285 

3878 

80 

15 

1.1 

1260 

2142 

3636 

84 

14.3 

1 

1200 

2040 

3463 

Grating Data (G/mm) 

■ 


■ ■ : ' 


a. 

Echelle 


177.5 

104.4 

61.6 


Cross Disperser 

25300 

1360 

800 

Spectrum 

in one exposure (A) 

350 

600 

1010 

Blocking i 

Filter 


MgF^ 

Corning 

Corning 

’ a,’"V’ 

Type 



9-58 

0-54 

b. 

Short side block (A) 

1100 

1800 

3020 

c. 

Second order of cross 

2200 

3600 

6040 


disperser oyerlaps at (A 

) 

■ ^ 



Region 

4 

a 

A 

1. 03|x 
9888 
8989 
8240 
7606 
7063 
6592 
6180 
588 ^ 


36.2 

470 

1720 

jCorning 

,3-66 

5600 

1.12|x 
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Echelle Spectrograph 


A. Configuration (Cont’d) 

single slits of different but fixed widths and several multiple 
slits. All the slits are of a fixed width to simplify the 
instrument and enhance its reliability. A pair of comparison 
prisms are used to introduce comparison light into the ends 
ofj the slit (or the ends of the central slit when multiple slits 
ai^e used). The comparison prism spacing is adjustable. 

The- upper surface of the slit is highly reflective to reflect the 
telescopes field into the slit viewing periscope. With the 
comparison prisms retracted, the viewing field is a rectangle 
of about 10mm x 25mm (2. 3 x 5.7 arc minutes). 

; , . . i 

An off-axis parabolic mirror is used to collimate the beam. 
The diameter of the collimated beam for a point source is 

i 

20mm. At the corner of the field, where the images are the 
largest, the comatic image has a spread of 10(jim (6.14 arc 
seconds) in the direction of the echelle dispersion and 20.3|xm 
(0.28 arc seconds) along the direction of the projected slit. 

' 

The high dispersion grating is an R-2 echelle grating (tangent 
of i blaze angle = 2). It has a ruled area of 2.5cm x 6cm and a 
blank size of 2. 7cm x 5 .4cm x 1 cm. Four echelles, one for 
each spectral region, are required. 


A, (Cont'd) 


First order gratings are used to separate the echelle orders. 
The minimum, separation is 1mm at the short wavelength 
limit of the spectral region and the separation increases to 
3, 1mm at the longer wavelength limit. The ruled area of 
the cross dispersers is 2.3cm x 8.5cm with an 11“ blaze 
angle. Four cross dispersers, one for each spectral region, 
are also required. Table 1 lists the number of grooves per 
millimeter for both dispersers, for each of the four spectral 
regions. 

A 300mm all reflecting, off^-axis, folded Schmidt camera is 
used to image the spectrum on the detector. Although the 
field is curved, the visual light images formed on a flat 
detector, will be within the Rayleigh limit except for the 
extreme corners. The corrector is figured to produce a point 
image at the center of the field. At the corners of the field, 

i ... 

the image spread, due to the camera's aberations, is consid- 
erably smaller than the diffraction im,age in visible light. In 
visible light, the camera is diffraction limited, with the pre- 
viously noted exception of the extreme corners of the field. 

The spectrograph has several auxiliary systems. 

1) Slit Viewer - Xjight reflected from, the slit jaws enters a 
slit viewing periscope which is used to acquire the object 
under study and, in the case of extended objects, to assist 
in guiding the telescope. An image intensifier can be added 
to permit the viewing of very faint objects. 



(Cont'd) 


2) Spectrum Comparison System - Several spectrum comparison 
sources may be provided. A final selection was iiot 

rhade as part of this study. The conventional iron- argon 
hollow cathode and neon glow lamp sources can be used 
for the near IR red, blue, and near UV regions. A 
thorixim hollow cathode source may be a good selection for 
the UV region. 

A filter holder will be placed in the comparison system. 

3) Shutte r - A blade type shutter, mounted shortly behind 
the slit, is used to interrupt the beam to limit the period 
of the exposures. 

4) Order Separating Filters - A filter is placed behind the 
slit to eliminate the overlapping second order of the cross 
disperser. The selection of filters is shown in Table 1. 

5) Exposure Meter - A photon-counting exposure meter could 
be a useful accessory to verify that the starlight is passing 
through the slit and to indicate the amount of accumulated 

. j ■ 

eixposure. Several sources of light are available including 
the light scattered into other orders at the echelle or the cross 
disperser, or a flip mirror that reflects a small amount of 
light into the meter. 

'1 ■ '■ ■ " 

All of the optics are mounted on an ’’optical table, " probably 

made of Invar. This table is kinematically mounted so that it 
cannot be distorted by pressure or temperature changes in the 



A. (Cont’d) 


space lab. The plate is defined in all three coordinates near 
the detectof , and in two coordinates near the slit. By the use 
of an Invar table, and zero expansion mirrors, the optical 
alignment and focus is not sensitive to temperature. 

i 

A vacuum enclosure is used to enclose the entire optical path. 
This housing has a large removable plate for laboratory 
alignment purposes. Smaller access ports are provided for 
use in changing gratings and the order separating filters in 
orbit. 

All the mirrors and diffraction gratings will be aluminized and 
overcoated with magnesium, fluoride. 

B. Instrument Adapter Interface 

A rectangular flange is used to mount the spectrograph to the 
instrument adapter. A concentric pilot is provided to insure 
alignment of the slit at the center of the telescope's field. 

C. Detectors 

Several different detectors may be used, including photographic 
plates, electrographs, image intensifiers, CCD's, CID's, linear 
arrays and more conventional television type detectors. A 
common interface is used for all the detectors. Again, a con- 
centric pilot will maintain alignment and an "O" ring will seal 
the joint. 

D. Controls 

j 

Mechanical controls are provided on the outside of the vacuum 
housing to operate the shutter, comparison prisms, cross dis- 
perser angle, the collimator focus and comparison source 
selector. Electrical switches are provided to operate the . - 
comparison sources. 



VI. 


D. 


(Cont'd) 


The angle of the echelle will be adjusted in the laboratory 
and need not be adjusted again. To change the wavelength 
range within a given spectral region, the angle of the cross 
disperser is changed. Tables or charts can be prepared 
to aid in the selection of the proper angle. 

When detectors with an electronic readout or image intensifiers 
are used, the observer can adjust the focus while viewing the 
output. If a photographic plate or an electrograph is used, he 
may either accept the laboratory calibration of focus or con- 
firm the focus by making a focus plate and develop it aboard the 
spacecraft. 

E. Performanc e 

Table 1 lists many of the performance characteristics of the 
spectrograph including the dispersion, spectral resolution, length 
of orders and the separation of orders. 

At f/15, the diameter of the Airy disk varies from 4.4|j,m at 

o 

1200A to 38(am at 1 . 03(j,m. In the center of the visible range, the 

i 

diameter is 20|a.m. Photographic plates can resolve 10 to 15|j.m. 
Most photoelectric detectors resolve from 20 to 40[j,m. In 
general, the resolution of the spectrograph is limited by 
the linear resolution of the detector, not the angular resolution 
' of the optics . , ■ ’ 

In Section A it was pointed out that the collimator produces 
diffraction limited images for objects at the center of the 5mm 
square slit field. At the corners of the field, the image spread 
amounts to 10|a,m in the direction of the echelle dispersion and 
20fxm in the direction of the projected slit. 


24 


(Cont'd) 


The aberrations of the camera were also discussed in Section A. 
With the exception of the far corners of the field, the images are 
within the visual Rayleigh limit. At shorter wavelengths, the 
detector limits the resolution. 



VII. Acceptance and Qualification Test Plan 

A. Purpose 

The purpose of this section of the report is to outline and 

identify the equipment and tests necessary to verify the 

! 

acceptance and qualification of the AFPD version of the SUOT 
and associated equipment for flight on shuttle. The tests are 

i 

outlined in two sections; acceptance tests on all experiment 
hardware, and qualification tests to be applied only to the 
qualification test unit. 

B. Applicable Documents 

i 

Levels and other applicable data for the above outlined tests 

wjere determined by use of "Spacelab Payload Accommodation 

I 

Handbook" marked "Preliminary" and dated May 1975 (SLP/ 
21!04). Much of the required data is in very preliminary form 
or TBD. Levels and other data included in this document are 
best estimates based on SKYLAB experience. 

C. Test Configuration and Interface Fixture 

Many of the tests require the complete experiment to be 
asjsembled in an operational configuration. This will require 
a test fixture which simulates the end cone structure of the 
Spacelab Module. The test fixture is mounted to a suitable 

■ -i 

adapter plate which is capable of supporting the entire AFPT 
facility including the modified telescope tube, the telescope 
mounting, the redesigned aft plate, the airlock, the instrument 
adapter, and the spectrograph. This test fixture should be 
designed to simulate all the required interfaces and should be 
compatible with the requirements of all the environmental tests. 
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VII. Acceptance and Qualification Test Plan (Cont'd) 

C. As presently envisioned, the above mentioned test fixture 
would be a stainless steel ring structure the diameter of 
the Spacelab Module. The structure would be designed to 
support the experiment hardware through vibration and 
thermal testing. The materials shall be qualified to be 
compatible with vacuum and thermal vacuum tests. 
Separate fixtures shall be made to separately qualify sub- 
assemblies such as the spectrograph, instrument adapter 
and airlock during leakage and vacuum tests. 


D. Acceptance and Qualification Tests 

f 

The following tests are considered required or desirable 
fpr the AFFT hardware. Actual requirements could 
vary depending on future definition and completion of shuttle 
payload environmental tests requirements documentation. 

1) Vibration 


The AFPT hardware 'shall be subjected to 
vibration tests in an assembled non-operating configura- 
tion. That means the telescope will be locked into its 
launch and re-entry support structure and the airlock will 
be* blocked off with its cover plate. In addition, the 
spectrograph and instrument adapter will be in their 
respective stowage structures. The environmental 
levels are defined by SLP/2104 Paragraph 5.1. 


2) Shock 


Mounted in the configuration described in D 1), the experi- 
ment hardware shall be subjected to shock tests as outlined 
in Section 5. 1.3 of SLP/2104. This includes pyro shock 
TBD, loading shock as detailed in table 5-2 of SLP/2104, 
and crash safety shock which will be covered by static 
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VII. Acceptance and Qualification Test Plan (Cont'd) 


D, Acceptance and Qualification Tests (Cont'd) 

stress analysis. This last requirement is for equip- 
ment survival only in a non-operating condition with no 
loose parts. 

3) Acceleration 

The experiment hardware shall be subjected to accelera- 
tion tests to simulate a nominal and emergency sequence 
of orbital mission operations as detailed in table 5-3 of 
SLP/2104. 

The experiment hardware shall also be subjected to the 
environments detailed in table 5-4 of SL.P/2104 while in 
the free operational configuration. 

4) Temperature 

All airlock and airlock experiment hardware shall be 
subjected to temperature tests of 15° C. to 45° C. mounted 
in a suitable test chamber. Gas compositions and pressure 
is defined in table 5-6 of SPL/2104. 

5) Thermal Vacuum 

The telescope experiment package shall be mounted in a 
suitable thermal vacuum chamber in an unstowed operational 
configuration. All equipment control heaters shall be on 
during operation tests. The pressure shall be reduced to 
1 X 10"^ torr with a non- contaminating pumping system. 

The thermal environment is defined by tables 5-9 and 
5-10 of SPL/2104. 
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VII, Acceptance and Qualification Test Plan (Cont'd) 

D. Acceptance eindi Qualification Tests (Cont'd) 

6) EMI 

•* 

To insure compatibility with the shuttle spacecraft and 
its sub-systems,, the AFPD hardware in the operational 
mode shall be qualified in accordance with the Space Shuttle 
Amendment to MI1 j-STD-461A, 

7) Bonding 

All equipment shall have suitable coatings and bonding straps 
to insure bonding resistance paths not to exceed 2.5 milli 
ohms. 

8) Optical Performance Tests 

Using an ultraviolet collimator, several diverter mirrors, 
and a focal plane photometer, all the following optical 

operation parameters shall be verified in a vacuum 

-6 

environment of 1 x 10 torr, 

a) Collimation 

b) Resolution 

* 

c) Mount guidance to ±2 arc sec 

d) ; Secondary mirror guidance to ± . 03 arc sec 

■ -i ... ^ ■ ' " ■ 

e) Slew rate of 3® /sec 

f) Absolute pointing to ±20 arc sec 

, - 29 


VIII. AFPT Costing 


Table 2 summarizes the expected costs for two possible AFPT funding 
programs. Under the first program, a single complete set of proto- 
flight hardware would be built which would be used as a combined 
prototype, qualification test, and flight unit. Under the second 
pTogram,, two complete sets of hardware would be built. One set 
would serve as a combined prototype and qualification test unit, 
while the second would be used as the flight hardware. 

The cost figures shown in Table 2 include all the necessary 
engineering and qualification testing required to produce the final 
flight hardware. 



TABLE 2 


AFPT COST ANALYSIS 


J ITEM 


Telescope Tube 
Optics & Mountings 
Telescope Mount 
Scientific Airlock 
Aft Plate 

Iiistrximent Adapter 

I 


i 

AFPT Total 


CONSTRUCTION CONCEPTS 

Protoflight 

($1000)Unit 

Protc^g>e^& Flight Unit 

1170 

I i 1919 

2215 

2876 

1018 

1670 

16 

32 

612 

1010 

794 

1302 

5825 

9803 


Spectrograph 
















REFERENCES 


1. Telescope Optical Design Concepts Study in Support of the 

Facility Definition Team 

Final Report July 1975 M. Bottema, Ball Brothers Research 

Corporation 

Contract NAS5 -24048 

2. Feasibility Study of the Spacelab Ultraviolet Optical Telescope 

Facility 

Final Report October 1975 Ball Brothers Research Corp. 
Contract NAS5 -24048 

3. Interim Report of the Facility Definition Team 

Astronomy Spacelabs Payloads Study 
Goddard Space Flight Center 

4. Space; Shuttle System Payload Accommodations 

Level II Program Definition and Requirements 
Volume XIV JSC 07700 

Johnson Space Center 

5. Spacelab Payload Accommodations Handbook, May 1975. 

NASA and ESRO 

6. CCD Star Trackers W. C. Goss 

Pjroceedings of Symposium on Charge -Coupled Device 
Technology for Scientific Imaging Applications 
March 6-7, 1975, Jet Propulsion Laboratory 
JPL SP 43-21 (p 31). 


32 



PERKIN-ELMER 

BOILER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 



Job No. 


X A 




7~7 T-L.^ 


suy) 

I _ 

‘SOhn- / 

S’ 

- 4 

- 7 

5UM - 3 
SUM - 9 

!?> 

SUM- 


— 

______ _ Ppru/^AC Pe^^pu'^A/isy' 

- A7ax. Sp/^as s 

. ~ Ca.ayu A7u7yy^A/ ^/sru/sasAJcSjE 

^ - Wa/iSMTS y4/v^ aa:/ura/^ ^/xax/ry 

- ..~ - Muroa 

- r/o A/ jua/ya M7oraa 

- r/£^r zua/u£ Mur<oa 

- //vsr/zu>MaA/r Apppraa J^a/i/a a^opo/z 


auPA - / 


a3/v r/u/v' 


aap 

aap-x-i 

P£P‘Y-) 

a>£PPir/ 


lUEFiaCT/UAi APP SU)pa 
- — _ — __ - Ippa/A/a’ y/v X- Ax/s 

, - AuPa>/A/a? //V Y- Ax/3 

- Lcpa/JUap /AJ xa - AX/3 


yp 
ap-/ 
sp -y-/ 
^>9 -r-y 

ap -2-/ 


^raasa Aa/p/. rs/3 

- ^u/P/^Aay {^a<sM3/Pso Ay>pps) 

y .. - ■■ ■ . - Aupa/ZUip /A/ /- AX / 5 I 

/LyiPP/V^} /p Y- Ay/3 
— ^ A Ac A£//[/^^^ / Z-AX/3 


/y/ocJy/r ^aAcr/P/^/ oY x3PPa£Lpa 


£^a<s r/3/X FBopaP. r/as 




Fapae ax CB 5 




PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 



/Jsc. 




Z>BJ=LECTfON AND SL.OPE AT^ TELE SCOPE T/3E 


/\pomoNfiL f^£a/yj TA£ To 7y^ 


SLOPE A7~ TEU=5CQPE, 
PAO C^B:: OB Asc) 


X-AK13 Y~A)(f3 Z-A VU3 


/^/Otr //A/ES 




4- FT 


5c>PPajzr ^A/E 



PEFLEC.riO/^7 Ar 
miT) (trf) 

71ELE5C0PE 
% IO~^ 

y-4x/5 

Y~AXf3 

ZAXIS 

(,o<yi) 

12'?. 0 
(S.o) 

(o* ^ 

cz.c>) 

o 

se.i 

(Z.Z) 

^UCpCp 

e.24 
(. 033) 

8,44 

C.^3) 

a. 44 

C33> 

es.s 

(3.B) 

14,53 

(.51) 

/4.5S 

(,‘S7) 

LCO.Z4 

ZOS.IZ 

(S.S) 

ISI.Z& 

C^z) 



^ ^ L 

22 a mo H3 mcT 


(aH.o'^) (24“^) 


1C„.3t^/o^ S4.&7*/o 
(iS.l'^) ( '!■ 3 '^) 


A, <j|gx fcT^ 4' /o^ 




4.(tS y-tS 

ov 




/OMeJC. T>AV^s /f3 

a B/iBAe^eca^PAt^ -rf/os 

AT 7i-Les-os>f>s 


MATl/ePL TEBCUENCT AP Si/PPaBT SYSTEM ^ ^ 

/- 4 XL 5 jS ' 5P- s Hi- 

Y- AX/ 5 Yn = 34. S Hz ' 

AX/S Y =■ 4-3. Fe 










































PERKIN-ELMER 

BOLLER & CMtVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 



c;a7-z 


Job No. 

Sheet of 




:sr/zessB3 /// yelbsccp^b by'^tbm 


^/Ni:£ TSLESCaf^e TC>^£ S(>/^jP£i4:r 3Ser^ D3 5/4 /JSO 

Sr//=^^//£^3 f rw^ r/aMJA/AC l^£‘/zy l^uj^ 

71iA/4 AAJJU.yiSfS . TA-£ FOl-LCU/f/\/^ BT( rfZ£M£ COA^C>/r/af^5 //4U'£ 

BB£f>/ C/6£P TP P£r£je/^/N£ /»£3(//^UM • 

L //o A^UX/LM/ZY / 2 > 3U££t>£r r/¥£ TTSL^^^aP^ 

Ti/55 5/i//S'/K'4f jLAI^/^C// Af^O JZe-£/^reT 

Z, 2>r//A/yi/C ACC£L£/ZAT/CNS A0:£ OC£.u£€./A//^ A>r T4£ ^£5d>/^A/>/T 
/=jZ£5XX£a/CY Z>£ 7~//£ 5U£TC£r £Y£T£M 4d Hz) X//TH 4 
fi1£PHAA/(CAd A/^PUAl54T/aN PAPjl^/Z ($' 30 ^ (%uj^Ar*fA>/A/ii) 

3, £’A//£>a/<0 ]//££/) T/AA/5 /^e£ OCCi/£:S/A/£, AT T4E 

£e£4X/£A£r AT TA£ SUPPA/eT SYS T£/^ Ae) h/tTA a 

jm£CA4///P4i AMPi/AJPAT/PA/ AACrV/P 5)T ' fdaujZ?Pf>lPiM£,) 


A7/S^>( d>CCU/Z DL//S/S/& T^B F5LL5W/N5, M/55/5N Y%'/^sB5 : 

/- At<>/S max lAtAO ~ xj-t ^ I/ue/AJd} eS^3£rY^4'’- 


Y- A^/5 max Acad = f Dcxb/a/e^ '‘^Aal^/^ch /ejsL£A5>3 

^ ' AX/S/ MAX AAP^D - (SSY^ VcfX/A/Ar APC/^PH 

UPPAT^D TZ3 ^./ ^ 

AAOTE-; tab A£0V£ A0A£> L£Y£L5 BXSBBO 7~A£ ^ a 


C/ZASA AA/^P/NB ApA£> /fV T/^£ -P y Z>/££ar/OA/. 
(^f^r) 






SuM' 4 - 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 


4^£>,6> cm 




!Si 




)il4lS,28o. / 

(SSZm) X 


ip t320.4lc^ 

/ I 


%IZl9£rri 

L. 


h 24I8AI 


Yo2&\9> cm 
I ono in) 


or^ 

^/Z£W MOVSMSnr 
2;)tSTU£IS>ANC£ 


C.<^. OjZB/TB/Z 


•rve^fpv /^ari6^ ^/s Tc/iZBAh/cs - P<o//<ir^y^4p sbb^/z A^^Aory? 


7^£i=L£c.r/0f^ T£L£2. Mount only 


AyBIZ/NBB P<p^cZ£ 2?UB 72 ? CLBBAy NJ<OY£MtSNr - S d) {'U-dOia) 

(C0CAt££> /(cm A>'Z.i»^< 0 C.A. t/J /• /l://i>) 

MmENT Af /NBBr/f) a A d>ZZ3l T£e N- dPAdBL43 - /. 034 < ^ w ^ {.% Sivc^ f^r^) 

fy^ ~ 9i k^3 sueiPx) 

^ 1,&3S //o^l^y/r)^ (s.g 


CeBfTBe AxiBAED A<2£ELE£Ar/CtA N = — f— =: 

><x J-f^ t. 034 ■///>*’ A} fh'- 


Vr : iv. 


so y/<^ 
%L<nvNd^ 




-f ZAP 
s 1.03/10 sec"^ 













PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 

.’St£5/CiM Af0AOCZ>/<, 



Sheet i->c- 

SOUTH PASADENA, CALIFORNIA 91030 

_APPr fFsp/z yc/z/r 

oatt -7-2.7- 7 Z. 

TaEPHONE; (213) 682-3391 

A/4S/7 /JOC 

|||||||0^9||RM^^B 







/^or/Of^ J^/src^/23^f^ce /// 7%/£" A'-Z 

X>3/^£.^C.r/CN^ TM£ TBLS3C£>^£’ 7-C^3£ 31^33^/3 F J5F/C<^cny/e.^ 

A/^£> TMC/5 F^//Vr /fV(^ B/Z/ZCAC Sfi^ALL T/L-T F/^3 

/ /^ C F//LL FP4F3 ^s<c^s5A^^ z:s>/Z3B::r/a^ 5^ 


F^/a/t//^ B33oe F/2a/*o Cizeuf Mcf/o^ /aJ X'Z PlAh/B 



^ ~ r c^Y^Y = 4- C /.asj‘/(Sf^) » 




'20C' 


- 

^,3 


- .OoC>,Z>4Z^ A 


Fa//vr/^/A £e.ea^ ■ 
C. oo/F) 



I 

3~ 2^££L£^T/04 fe-Otyi i^ lz>fil^ Fss 1 )efl£cT/ on Calcs) - /4Z.^4)^At> /mS,C '%) 

S i D££Le.ct/o^ BzAf^ Ck/HU /yisr/o^ f. s?c^,^4Z4^) - 4Z4 6 JZ^Ow Coa^^ 

... J t > » rrnn. 


pafNr//>(^y 
\eAeoA y 


^ ® Bor^TfOA/ y^cM 1^ Load (5££ £>£flbct/si^ Cau.s) = 

B - fZorAr/o^ f4AAi Fhr/Ai^ (, e>eio^c>4i4^) ^ S 

A — i _ A V ' ' 


At '(■10 RAO 


— • • — rfc-w*-v^ ! »(^ / f*!' w T ^ I t^f f ^ \ t t tw • { y y w i -r-f r / fc/ ^ 

^ /aias)E- cysfiLA-CE/ii0hyr Fr(!m 3/Mr/AJa tZ/FjBo/c /o )j = FiAre CcAce v ^ 

' -6 Ei°. V T '1? 

- s£c4<c- ic^rnmm x ,00/1 = • ^ , 0017 ^ .coa/Z^im ('t/2/d 

tj - f/cr /m/Ri£ 2>/SP/.AC£/^e''^T FRO/^ Point tt/c^ £(ZfZa^ 3 , coo. iZmm~.00%oO^ = . OOP, tRprr 







'^E^/6’A/ Aaj. 




PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 


c::^/^i£w /y?£)T/<^^ X>/stu/zba/\jcjE 

v/sPL/^€:BMe^^/T C/^euj X~y" FlaNE 

P/5T(y^BA/^CZ£ /AJ X -Y 

IA//LL ^BOOC/^E’ Y’ABALLBLCxStEAr^ ZPEE LE^ 7-/£) AA 7^/^E 

TiyaE T7 a/ES Aa/£> B^l/<S^U7- SErAo/AJ6, 

T‘//£ S£/P££)^r sr/ZiAczrL^/^£ XYor/97~/£>AA , 

■ r 

r-A I 


pcekL 

r//^B 


' ■St/f'pc/zr A^fj£ 
4-/^ 

EceK 


f . 

I>EE^cr/d^ 1<7 jU>4j:j PEf=L££nai^ (HslesJ BJ9 nY^ //^) 

£ “ Z^Le^T^ch) CeBuJE)ar/c^ Y.O£)0,Z>4Zl^)- 4>Z‘i*ii>j^2,l‘ff-io y- 9,39i/Om 

~ ^r/3T(0/^ Y/Zam /a 4P Y$££ JAE£i££r/f*^ ((Z^c£i) = 


A = - Bl9r4r/0t4 E/^Er^ ceevA ftldriM ~ 4.Z8 ^/o 

■ C<^088^) 

... ^ 

A - /M/}Ei£ 3^/SPlECEmNT * ^.4Z M (ZS3i-/D^tij) 

Cj =■ Akr /nPE£ ^aEZACEMSNr = A -4 - i>.4Z)t.A0 -9,S9^/Osr2,9?-^/0ro 

(AoB/i) 

(4£0L£ar) 










Kli^PRODUClBiLlTy OF THE 

ORIGINAL PAGE IS POOR 


sum-1 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 




■ \NEIG l-ITS d C.G. 



4-S3 .S /<^ 
( looo Le") 







Sc/M-S 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 


Inn Wn 


SHrPT i*M? 

AFFT f&iz. Sd.>a T" 


A^A-S/} /J£<^ 

Rv /O 






F/iSOJZ£. 



FO TATI ON 
VI^IVE 

T/LT 

Drive 

/netrument 

APAPTEE 

isp'jvs: 

A7(>ro/z ^4/^ 7^F<pU£ 

2(SZ2 

(LB-rr) 

14- Z^-PT 

200 OE-//V 
CTT>4 IS-Pr) 

^^Ae/A/^ 4N0/aA S£4^ FjS/CW^A/ 

Ub 

Lff-Fr 

. 2S cjo-pr 



A %?/v. 

4 ^ /mjn 

,077 ‘’^Ec 

F<pcv£:je. 7 f 7^eAC< 

/S3 y/A7T 

.0&/ WATTS 

/B WATTS 

Ay£ To Acc£L. 

71ZACK EAT^ CAPyjiOY.} 

AAA '/vpto 

/ZT.S rVATTS 

^7‘5 WATTS 
CtOS rn Sec) 

A/4>< :FLsyy/A/^ 

5 ^/0£C 

5^ /sec 

■ . 

TO :5L£yy 

1^0 yotrrs 

, ‘i/ IVATTS 


AvE FoyyEE EEOa tv folbl. 
To BLEy/TS-ATE 

A AS WATTS 
(,Ca sec) 

/27,S WATTS 

C Al ssz) 

. 

ATAX AECEL. Am/04S0E 

3.3 %sF 

A,G %eF 

/S02 

A/ote ‘ 

PftZSCr Z>£t\/£ 
Nor£)^ 

VIR£CT DPWe 
/4are£ 

Tco:l GE4E 
PAno 
































PERKIN-ELMER 


BOLLER & CHIVENS DIVISION 
916 MPIOIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 


IV 




HD RQUE. A3c^t X-AX/6 


Wei<^UT (Le)\ K} (Pr^) 


£L£M£A/r 



mMB 


rBijS-iCOPE nys£ /ooo 
r/Lr 

T/cJ- S£fiJ£tN£f /O 

TMe 65 

T7r/£ 33 

FbeK t2Q 

M^MEHr See (z) Z5 

to 


S,50 

6 .^4 

5,23 

3.ZO 

3,ZO 

/.4! 

Z.Sd 


WK 


S30<2^ 

9 / 

55 

H2. 

}\^ 


7o/y)£h^T t/A - 

j. _ ^5& _ 

Vx-x- = 5^.2 “ 32. Z “ 


I /5 30 AS 

. ( ^/4 3j) 

= /94 LD-pr^ s^c 




A CC 3.L ER A T/d>f^ > pz/s/yf TfiEcS S- 4 VSg/c; ^<Sx Accbl. IsEEE TtfEusTez Fieiio£ 

C{ lrA(AV^£C^ C,0Z55 f^^^/3£C^) V 

TO/^D U£ 7tf> ac /I T£ -z-:,,-/,- 


T - Ic?\ = i£-Fr-SEc^X.3>Z55 














sar^ - lO 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 

^£S!Y, hj AaJA-LY3 /3 

.Inn Mo P 


Shfft of 

SOUTH PASADENA, CALIFORNIA 91030 


Datf 2 ~P~~ 2 

mEPHONE: (213) 682-3391 

Ajs<^ ^ 






T/ ON TPE I y/z (C^Nt) 






/^ar^B/^r 3eA^i/u^ ^/e./crio/^ T^^<?us ^ 

BBICT/OtJ 

roRouB 

A i R^BLOAD ANL'T 0£>o£>S/a/) /S 

2. MA’MBr/r -h BAD/AL — /^ LB'Pt 

(/Crir^> ^3 24, U‘i4) 

3. .4X/4L — — — S.4 IB-F7 . 

(^/c>e>c Ls) 

B/Z4>M : AX/}Y£?a^ Bb4-2/AJ^ /Q 3/3 

4 pr ^s/9-2//Jih AiAPr ^^S4-/ 




r \ 


reproducbility of the 
ORIGINAL PAGE IS POOF 


PERKIN-ELMER 

BOLLER &CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 







Job No.:: 


hatp 


A3^N£r/(: T'&c^^OLjC^r' 

7b^t/e ~ ^e-Pr/^ar2>^ i 

/^ _ . C^-FT /.. 


/?es/sr/^tid:£ 

y^£>Lr/}<it£ 

77>/e<$iu'£ Se/^st7fiif7y 
3/^^ Saif 


22- is- F t CfaJ 

4<^ Le-FT TorFL 


3/n " /» -i( ^^ jj-yA/t>n>/e 

~ /> 7 -T2- //HoraK 

)^p ~ F ^/oi^T" /^/oro/t 

^ UQ-FF , 

/,sz Aa^/F /Alfi / v/2 


3/^a: Saif ^ ~ 2.0 y'^<-Ts/FAO/i£.c /fofp/z. 
y^cuSK. Ar Toie^ve 7p - SSO y<7FTr5/Fon)<. 

SFtcr/OA/ Torzipue = zs-Fr 
/^4-y 7 ^ac2i K)&) - 4^/mfip “ >OOHO 

6l£uj /Sa-t2 ^ = ,o37ZAi£Fyy^ 


72F^l)c>F AyF/cAypi^ 7h /^cz:,£LE>eArs 5 "' 44-' /^ — LS-Fr 

/^ZCB££7tFr/aAJ AvAnFCLS. 0^= ^ - ^^/mte-f^r.SeS ^ 

(sSAT Sf^c///ZS£> = /,4-C’ = B> Z ^Az< iS 


"^cUF-F SFPU/<t£.Q To TkjQ-C^: FT Ym)/^ y^yi^£/eC<£>F}e 2/ZS Fz I oTf a <{) 


30CAC Fmf 


■ '■ ■ BC6F<flC-Tt6H 

Ct^FJCeK^T Fz /^ C6-Fr Sa = 


ZZ//6 X F. '^‘^^y'zAo/sB.c - , 00-Z3 Vocr 


!,SZ 


= /£,S3 Amp 


/eLr£i$£ !/ - T^*SfA) = /d,53 }^ /.7^ 

TofFL l4>LrFG?F j£)OZ3 -f- /7.S^F 77. <^9 /acrs 

y^uje/Z - ID,S3 ^nP A n,29/*t-rs - JFB IaJatt^ 

yScz/FiyZ SFpiA/F]E£> 73 Slflc/ Ft CpA-ie/ZzzF?^ 2£d,, Fe/CFaA/ ) 

3FC3 SmF b: ,P27l^'y^£c^ z '^4 zap/^^^ - ,/ 7 ^ Vcc.rs 

BCi. Agicrmi . 

F(A/C£F*^r SofZ Ls-Fr Sa - h Cz. ~ /a* S3 ^mp 

/e>crF<?,£ / = Z# ^ /C.S5y 7.7 ~ /^Sf 

rhrFL /hcTFd,£ y- \ /74 F 77. 29- 7S.PC, /offs 

7%ua£€ = 3, S3 /hiP A /26C * 7^77 H7f7TS 




5UM-IZ j 

Vi 

I 

’ i 

Job No. I 

' I 

SHEET OF j! 

DATE^-£ ? -Z 4 . j 

^r'^T7d/V (^A/r) ! 

/^V££/Q^/^ f^AOS/i ZS' /4<zc.^c£.>>e^7~^ To Tjt^i^ S/^^£j:> 

^/9-jc: T3/^4>^£' 3£0 W^rrs 

'( ^ Srfi-u.y I 

72 ^ Tla^jt =• /SS }^^ 4 - 7 rs i| 

i 

7hc4/^/2. 72> 444 v/^rr5 jj 

^PP^Tl) j 

I 

■ ' ^ ■ f 

i 

j 

/Ze^d^/tSSP 75 Ac:dSC^^^TE 77 5^u> :2 )Pe.^d | 

I. 

Hcc^^rz ££4>i//j^£i^ 72? Sa.BLU AT S/^a ^ iV^rr^ j 

A/e^A^^ ^a^S/e 7b Ak^:-^L. /2i^ -= - — ^ -hHo - 4^B i 

^ ;^T 5 TI 

^££ S£l^ I 

t 

yf . 'i 

A?/ A/ MUM Ty/^^ 7b A ccacB£AT£ 7h ^^buj ^PeBO (5%Bc) S 

— ^ . ^ 

/?Aa^ A<^BLBA,Ar/0/^ /^P-TB. K 

Af/A, 72 M£ 7B AcC£C, * o{ ~ 4 ~ 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 


A^2£5/SA Aa/AL.Y^/S 


A A FT /ggg/g Sc'^ir 


FAS A / JSC 


•5uf^-l3 





— ' 




PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 


Jr>R Nn 


SwiTFT r\c 

SOUTH PASADENA, CALIFORNIA 91030 


n.T. ^-27-^^ 

TaEPHONE: (213) 682-3391 

/JSC 

Bv i/JlLLl^ 





TILT Z>^lV£ 






Sum- /4 I 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 


Aajalxs/s 


Arf^/^T :smr 


zV/JS/? / JS>C 


Job No. 
Sheet — 




-OF- 


Pate_^hS2z2^ 


T7^7~ Z>^/(/£ A7or<^/z. 

/A/ca^f^jp 

^e£/5P9-^^£^ 
y^Lr/^€f^: Ar 7^ 


^m - ru 

K, ~ Ji",9 /cLT"i 
tj- ' 

- 7r 47 ^/£4 -c/:b/s-C 
fp ~ 2B5 W'^-TT-S 


17/ 

/7^>, A^re U7^ ^ S°/SBC C 2>2?z 


V^4x T/^-S^JY: UJr 


AYAfL /a 

/77/j^X Ay4^iL/9.^C.A 


fhup/ci^ 72^d>p//eB-/^ Ta 


T- /4 -.zr - u3'Fr 

c4 =- LS-Pr-ssA 


AyTAK 


Vi p , /)C///^ / 

3£6 PP/CT^OH 

Ah/Z ' zr AS-Y^r 


TAAC/Y. At 

/t4/ V/Z^£)/$zz - rmiti, V'c<^r5 


A- 


"■j A^iA , - '^4 /}MP 


Z - T^pAA’,Z4 0.4)~-4Sii vicrs 


yocr^tSr}/^ 

Asc,rA^£- Yr^ Y&-^ Y4 ^ ,001(0 '-h.336 A , 3B8 Yclts 

fo(A(3ft p ^ -- < ^ .Z4 ' >OB/ lO'^rrs 


Piio^/Z To ^c^uA At OYB^(A>Me pz/cr/a^ 

^ , DS'7Z ^^%£C 7 /^ 4 / ^/(^o/sez ^ ,/2B Y^(-T^ 

^ 2.4 /^AjP 

^ ~ TA^/h * .2-4 V/, 4 — f B3ia /ccrs 
- ?&yY^ ^ .723 -/■ ;33C ' . ASf Volts 
P ^ iPr 7 ^ ,4S9 X i24 ^ 0 // W47TS 



E 


'•c 

r 


PERKIN-EUMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 




Af=PT 






/VASA /JSC 




Job No. 


SHEET- 


-OF- 


Date. 




77^t~ 



Pbp a 7pP-C>i/£ P - Z5S 

To Taacjs 

( iee ^/2sceeo/K>iei 

Avb To^AccB L ^vf_- S /ZT.SJVP-TTA 

(A/>PJie>%.) ^ ======= 



Av£. £b^u/]s:£p JT> B.^Ari£ 7^ <cbuj £pe.ep Cs%z2 ) 

Pauj^yz £b^//zap To Si-£UJ At A^/Sbc *= •'// 

A/S pfciJA/Z Tb /CC0L - ^^^ -■ — •/.// = /Z7.S Waits 

(fhc M sec ) 

5££ BSUiuJ 

/)Tf///A?c/yn 77/^js To PasbC-£^TS To ScBbU 5P^9 s: 0 As%ez) 


TTS-y. /AczBcl . PAta: 

T7/J. TJmS 72> 4o<sb6. 
To SlBo/ Tatb 


C(/jatc ~ /$££■ /^oeBOfkJc, Ps^') 

. ^ V5^c 


~miN 


cP 




^ /./ 5BC 



Ap^PTE-ZS r^ar£>/Z 

U It 

73/Z<^i/e-71i^hi A/<£>, TT - /S/D 

pB^/C T^B<P6/B 7p\ = 

' \ 

PattOB/Z <s Tp ^ - /^/> IV/9^7T 

A7fiT^/z /SifA/srp/^r /^m~ /S.3 ^^-/^/lfW3p 

Voi^r/ic^B t^r 7p ^ - ^7. S Vd^t-r^ 

pBS/J'T-pd^/Ck Pm~ ^>•4' 

To/Z^uS S£N5mV/TY ^'^/amp 

BSCi^ £a1B Ks ^ •B3B' y//Z4o/^£C 

A/fi U>AD Sp££0 cV^= Z/D 3d9£^/DBC { 3 C 4> PP5 ~ Z20 £Pm) 

£e>d/T/f^: 7^ - 


Adpptep P/z/bt/p/^ Tdtepup 


Y7£:AL3 C 3 '£‘/^/n<^^£ /so /,v-c 8 ~ 3>f/Jor/^= 6Z4A> A-s-zA 

4-Pr BsAZ//J£f (/~^Y£ON <do?y>yp3) - 7 ^- 3o bs-za/ 


/^A-X 7/3^tiY P/prB/ 4 /Pz££ ^ Dp/Z=r) 

,CJ PBBB J?B/pr 

/ ^^7 Y^DC. . Dee/rp£ ^Bt/=r 

. 7/77 Y^BC (- ,000,214 - .0/28 PPAf = ,00/34 



P//r/o 


/oo :/ 


Moro/z 7^/30 iP3: ^bqu//zbp 7a Dyb/zcq/^b /^b/btto/J 


££i.'cs 

~p~ — ^ Z47 3 o 




/Ot/i^.'/pY /a-0,<,8e 

"I- ^tK Apft 


A/OTO/8 TdOBDUB AyB/L//£OB /<£? ABBBd-BBzgTE ' 

^ ^ ^ -pje/zTisir- 

77i - zoo - 14,4 S. /24 OZ-/KJ Ar MaTVB 


- /Zf- X /00 a - /A 35 2 £>Z -/A/ 4r Ad?/?P7£/Z 0i,^r;s/z Lwz 









PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 




YMA 


0^ 


JOB 

Sheet of 

DATE^ZZ-7jg._ 
Rv O 


/A^^r^£^A?£:^T ? 

■■ ■ ' . . i 

r 

f 

/^y. Z^/^/yp ^VA^L. 7 g/z<^u£ c7 ^ ~ ^>48 lb-p'-ssc' \ 

= 47'? oi-itJ-sec^ ; 

7o/84pi7£: /^r 4£>^pre£. ^ 5” " ^ oz-j/o j 


i. T / 13£2 

At:4.£L R (X ' 


'^ 5,3 {/ 3&3 % 4 !cr) 


?X />3^)7Z)/2 ^ £j4r^ ^ 

= m y ^£>77 ^/^£C ^ 7^ 7 - . oz/ ^3$ 

- h?3 

fAJ4}( /yJpTZ^/t SpH£0 ~ “ » /34 ^^^£2. 


PocUB/Z 0^d)i^/0SD /<g T/2?r22 

/V££^£2r ^/9-Z/C T^/^CK ^ Ary?C^ SF££0 

/^oroe (3 SrFLc >^-= 7^>3 


W4^TT 


/ y 

- ( / 8.3 J 


p£>U)£fZ -( h/F7T£ 

A/ 3 . ^ce^SjZ Tb Accel 73 T 0 /?£i(c 5 pssp /ffffz)-/!') 

' ^^2 /.5 = S IS ^ ^£2£..^^S£ 

77 MS 77> TieAd-M: B/’S£0 < ^77 

^ UJ ,^77yiec 

X /3C3Vs£c3-^ 


















PERKIN-ELMER 

BOLLER & CKIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE; (213) 682-3391 


AhJ/^CYS/6 





/JSC 


|5 

!i' ! 


Job No. 


SHEET- 


DATE ^ ~ 


em 


/A/ 4y/^ 


= o340 fV Oz<oa ce) = /y 


a.= 

2.04 fr? 

( 30.45 

JAj) 


, (oS m 

( ZSA 

/n) 


• 003 S rf\ 

(.138 


A- 

t Bo m 

($L 8 /fj) 

£ = 

7 .B/y/o'° 

^//n^ 




4-^ 4 sp^/Afih iV/r^ocJT 

££p£p/r 4P P'^pa/£?;£j y 7hp And 4-ndp 

Sr/D/DT/AJt^ Sc//^PD/Sir (DA' AAS £PAC,£ 4P3 /4di a/ r/ A/^ 
C rp/S WDc^^O jB£ 4 CAS£ '' r/Od/) * 


1^4/ 4L 2>/£:£L£C T/DN 

Ah/z S«h “^ = Far^sa^!s £Ar/o - ,33 


t«h 


X = /? Md^^O-V) 

^ £h^t 

- ^340 449Y2.04 V / - . 35) 
■ ?‘3iV/£^(.8^)(.CO~3S) 


/V - (i^A'jv^A/r - »'?9 pefz. ~ S, iU- 
(. C0Sj6 n) 


=, ^.SSy^jO rn 



4 


PERKIN-EL.MER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 

4Dj55/^a! AAJAioy'^/^ 

Job Ho. .317 (p 4 


Sheet of 

A/=Pr Ao/^ ^OOPT- 

date P-27-9 4, 





/Ty^/Yf^NT ^^4^/AZh (T4- fh/Nr) - /.340/m /aJ y- 




4^/^L Z^/^o /> - S346 AJ (/z^ c5) 


^s/h£//u<^ 


/9- 6. /^^r/:>o/^ /r>/^.f/}ULA X>£vei^PB£> 

7~y^/S ^>E^/Z/Af<i, l^^/r/4 .000,5 //J, 

P/Z,£/.0/)-D^ 


N 


^= 7,3S3y/o ^ /a/ 




= 2>Z4 P/o m 





REPRODUCIBILiTY OF THE 
ORIGINAL PAGE IS POOR 




PERKIN-ELMER 

BOIIER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADEN^ CALIFORNIA 91030 
TELEPHONE; (213) 682-3391 


Job No. 




Sheet of_ 




3s 2 7 -?^ ^ 


^/a7<^7 2^bpl^3tion " /v 77/^3 X- A 


fb/^jc 


Tjnb 



0.= .7C>Zm 

r= *3 nn 
Iy=4A‘i'F 
£= 7.3/ ^ /o'" 

(S) * 2.7i X /o" ‘ 


/^~ Z226 N {Scocs) 

A - A31 

97^ n> /n (BToco zBv/ 


^//v^ /^z/7T/o/7 Ar 77 A/ B /o /^oy£ /^rernLLy^ 


A - Tr Ic ( i-f h) _ 7T (. 3 J(F/BJ{. / ^.y/y 
( “ ^ 3 C7.3h^/o'^)C4A9^/o^) 


rTcd-fX) _ 7rr.B)f^7z)(iF.<n) 


- 48. 13 ^ /O E^d 

(jZFF OFLY) 


YC/g-rB^x-L 77 /vb Ox xxea 72) TAoYe) Xr T^lbs. 7c/3e 


A.^ = 4^ = . 7C>Z(^B,15 !< / oj - JT 24 m Cooz id) 


^BS/5r/A7(7? Xh/2C£ 8scp YX rBLeS- /C768 4r /z)fZ3 77 


Fy ^ ^ /)/ {^237 ls) 

OQiaJCCOS /4/7 > 

/F T/X3S Ak.£ JZ£STBAiN£V> XArBMUY fFf'/Z?^F)By 777£ 
TeL£5C4X£ 7l3S£y 77/llBB h/3LLS£ F^^ Ax/FL VlS PLFCeMBHT 
Y)F TX3 T£C£5 Xf3/'£ FfS£ FYYaM F)ie)Y 







PERKIN-ELMER 


BOLLER & CHIVENS DIVISION 


916 MERIDIAN AVENUE 


SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682*3391 




"^^Tblbsc&^s Ti^es 


+ Y' 


f ' 

Xi 







hJ (S'<^cbJ) 
. 35^ m (l4 //vj 
/b) 


7£c.£^scz>/^^ T?<3^ 


- •^-v M ^s) 


/5’/ec' T/Aie* /^r 4S A h//r// '7^//-^ y I 

jE£AdTyAJ(^ To 7^/yS, [5 

-TUB aA^SSTy^. M „<* ;■ 

\,yY ,.oA 

4 y/4L 7/Ag Sb^^bc. T/< y^ *; 

, A= /./95Ci)0^^C^:^^^,C0£3m^ :l 




4 £ ,0032Cy.3f^li>’^) 


= !U 















PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 

916 MERIDIAN AVENUE 

SOUTH PASADENA, CALIFORNIA 91030 

K5 / :5 

.IriR Mr> <A A fP 


KHFFT - of 

APPT </y^7“ 

r>ATF 2^“ “2 7— 7 A 

TaEPHONE; (213) 682-3391 

A/A-^P /J^c. 






Y/2B4^c^3N<1Y 

/.ow/A)^ //V 77/^ Y~Ay/s 



A _ __/ - 1 /^ 2 ' PBf Z ')! 6 / -) / ‘?« <^ 

^ -zrYl ^^ ^ Zfrr e&aJ2y^/Y^n) " 


Sd.ipp£ 


^HS a£/)^M*t f?l^<h TMeS 

¥.6% 197. fiA _4 y 

f C>S -f- 4-.^& ¥ ICoi 3 !0 = .;S3', ^.3 /Sao 7 ^ 










PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 



JOB -r 

Sheet of-^ 

riATF- 2" -'Z~P -7 

Rv 




/AA /A/B y-AX/5 


y^ = -<S.5>^ ^ZS.ic/y 

= 2 td 4 m ( S 6 , 4 -Sjn) 

L - -80 rr^ (2/,S,^) 
t = . 0035m C 

Ay - £S40 AJ f/z^c^e) 
A ^ 0 9s m { 3 ? > 5 /fi/) 
/4 - ZA ~ So 60 A/'/>i 

Sa/ao Ma^SNp , 

^ ^ >_-/vz 



26 t ' 



-3, S'? 

Paid 

/V 


26tO^Pc 



-7 

7. 98 'A /o 

no 



^o8C> 


2,a‘f, 


i 

/=^eof^ Loas , /=' ^ 


SLOPS 


- — -^fL. -5390 

CoSoKpJ " 2LC7.S/f/Z‘)C^0035)(3J<f)(^s)\2',0‘^, 


2Et 


— * X /o Pad 


= S£tC^' (>Zp~J'{ ' 


^ 2 CS39o'> / ,8 \ 

~ 3(r3ly^lZ)C^^3S)/3.t4) \2.o4-hA5j 

s. 2»C»3 y )n ( , ^(POi^/Ojd /^) 

(caa/t 











PERKIN-ELMER 

BOLLER&CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 

_<^ES>£5A/ /0fV/^^y'3/JS 

Inn Mr> 


SHF'p’T '"«•=' 


riATF 2~27~ y<a 

A/^SJ^ /Js r 

Rv_. 




^uPP£>/z.T CpA/a J^sPLEcr/aN (d^s/r) 

X (^Y'A-jCfS laA£f/AJ<if ) 



f 

i 



7~^3S ^7-^T/a/v Cai^£ J?^/=^.jec.t~/c^ 

K" ~ ^ ^ •'^S Y'/C^ - Y /<9 

T£/Ls^<za/=’£ 2^^ /^L^c-r/£>Ay Ce)/>/<E 2e/^LS<^ -^/ZoT^r/a^ 


- 4, /i%9s) - 4,42^/d^^ryj 

“7 *’‘7 

^F/ri~ !Jm ‘ 7 » 4 £^/^ :^,^Sy/o = JOJCo x/a 1 ^) 

S^“ f ~ M 5y X /o' ^ m ( ,coo^ SI in) 




PERKIN-ELMER 

BOILER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE; (213) 682-3391 





Job No. r^y 
SHEET. OF- 


^-2.7-7^ 


/^£>y*7^A/r o / a)<^ /// r^/s 


/y/Qn^BNr 


REPRODUCffilLJTy OF THE 
ORIGINAL PAGE IS POOR 


= ^3^0 // OtCO 63,) 
ji = .e?r^ 

— 474^7 A/'^ ,A3-/aj) 


3^EPCS7^T/d^ F/Z6M MorOSHT / 


^ c. 




Cm - •/ /P7^/C^ 7?7=Z3 
zQ>b .ooas/^. 4-Yr 


£^/hz^//V^ z^£>/z^6 Z^,977//U<^ 


^5/Z - ^ 


<2^ = 


= 72^73 V /. 37<i» 7 . Ooq,/S^8 //7 

/ 

tT-t- 7i/3B 

SI ~ 7ffJ - 4,43 }^/<D^rr\(^, 600^ o 


TBtt^C. 5 clZiY^' 7D33 ^ 09-P//^C. tU>4p. 







PERKIN-EL.MER 


BOLLER & CHIVENS DIVISION 


916 MERIDIAN AVENUE 


SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 



Job No. 


Sheet of. 


2 -2.7- 7 C. 


/T//Vc^ L^ 7 )P/N^ 

TWs Y p//zB^r/o/^ 


<72/^S£ \Y 60 /ll CTsEa Th / f7,s: J^ar^^r’/oiS 

CZAS£ X ^cltUiSL lo^O/r7d/t 











(hs. ^//V6 BoTATKtN 
r /=bfZ.K Twe 




<^4S£ 1 77/^S S6a£‘£ /^r Ta7B 77^0 

Sk 7^ sn-a£ r>'a/7 J <o^£’ /7 a 7./=^ 7772^ /^//i/<^ <P^/V P'B 

A7/£4S^r£/7 /9/76y t7c/<^/ 7£0 lO/r/7 777£ 7?i/A/rS /^/£P-/^a5/7-/6>0^ 

<P/0 T/T'S <^£/vr£6^ 7//7£‘ 


h /. 2/7 />7 ^ 

Y- *3 m 


!.,=■ 4,4^ y/o' ^n^'’ 
£ » 7,3/ 


4 ^ 7.74, / //:' 


£ Xf 


77 


= .^7 


= 


A. 


•Z2ZS Kf (SdOLS) 

s7Ce>2. nn { B<^ m) 


- 


TyJy ^ 7 ^ 7 B.S 


(a^orj 








YL s 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 








/ J2C. 


Job No. 

SHEET OF 

Date — 2~7 ~ ^ 

By- 


COt^S/c^e>^GO As A A'/Ses ^7>9~^0 /aj(S, Bca'r' 

A^iLiZC-T/i^}^ W/r^our 3s:NePfr T^£' /A/zt/^/S' 4- ^c^-r-jE^tc 
/ r P/i/ j r ' i " - . ■ 3£AP'/a/<^ 5 7-u^z/ 

7-r- / „\ / > ^ “2-. 


A- - r __To^ (/ -f- A) (ir-z) C/^9 s^s)O-^ 7)0 j^/O 

■It ^ ^ ^ ^ ^T_ ^ V/^\ J-. __ r* ’ 


^ “ ~ S (7,3/ y^o '“)C4 , 49 

S /J*. ^ 5“ jc /<2 " ^ f,£)oa,£/ /n) 


ni - ^ A 

“■ Y /O. 5 ^ 




-S’ 

x/^ 4V4C? 


■ _ ■TA' ThyZl^TQ _ irC3)r/i9‘H,S)0.‘!7) . 

(*r ' "■ 


/^/Az<£i ^<:)rAncz^ (£ ^o/zz. 77 zj£ : 


^ = *?><a 2 X JO ^yg-D. ( >S. 7 J 


71>3£" I7bpL bc T^diz</ 4r ^zjd 77 


^ ^ 6 '<^3 >^/o'^)(,7<:>2) - s. <g/ 



2)£/=^~ Y- 9 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADEN^ CALIFORNIA 91030 
TaEPHONE: (213) 682*3391 



Job no.j 


/aj Ay(/6 


(Sdoui) 

7^assa>^£ 


'' / '^ 

// 

/ 

•.'^4fti 




'K 


_|_ — — t — 2 


^ "^4^ ly^y = CZZ3 in*) 


I ^4/e ^,2 (/h> lY) 

* 4^- /,5Bajc ^ (3^>i iN^) 


* Sea Shf-ra f^e. /hate /jt^a 
Paepaar^as 


Yz>AAS/a££ ?///£ A SaajPls Y^aat/C£^£^ iY/r/4 £pP3.crPi/B 

A£.c: ^ X - 


7^A/ 


C _ /T Z " 

4 


_ ZZZ4 CSS) . ^ 

rr:^ — ^ ... Y. — .?\ = J. 21 m (»C>C5 /u ) 


<9,, = ^ ^ ^ ZZ8 y/S^ e4D 

i E£I^ ZCy^S* /o'")(4M%io^) — — ~ — 


/Vara.' 7y/>ja$ hV/cL Ar/^x/a^ersc-Y 0ar/i-ra As A P^a4L££L3e£P/^ 
Systb!^ Anp TWps PKPouca a/q /Zar^r/OA/ 7 a/ b 

TazasBuPPa Teaa 










•2. 










PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 9103C 
TaEPHONE: (213) 682-3391 


/a/ TaAB "E-AXA^ 


CzS.ic/t^) 

~ “ZtCA yy\ C S(54-S /ri) . 

L - >>7 ( 3l,S ftj) , 

"t ^ 0 CO3£m (0 /3(S /y J 

- 6340 A! f/z.a^iJ!iy ... . 

£ - »^s ^ (37.3 
= /zj^ = 60 so /V'/T) . 




A/z^a^ M^M/£Nr i AA 

_ s-oac,/'c.R)r2.o^-^ . US') 

- ~ ZC-j.^/y/a '% "°03sX^./‘i-)(7.c‘^=-)(7i. 


J^£/=d£cr/aA/ 4 - 


~3.S'7 ^ A 6 

/Sap 

0^9 



\S'o30> 

ZStCg/Ta 



7 , 4-a A /6 

-7 

m 

. C* 3oo,^Z3 




SCO ^6 


~S34o - ■ - ^ ^ 

2£ t ( A^J ~ 3(^ 7.3/ f/o'‘)f:oo3S)( ^4/)CG3) {^7, 


=. . 7<^5 X /o'^ 73A-D 


x= sgt^ {^, 


TTcr(^)\ 

CSSA-o) f .8 \^f J..//^ 6 

6/ ^ l^% {3J(/) (. -h. (>5) j 


Z C334-0') 
3C76I>^ iy‘^)C< 


X fo m ( ^ d£)0^/o,i /f^\ 




PERKIN-ELMER 

BOLLER&CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 


iKammsWifKSA 


(d^h/r) 

C^-A-?e/S 


... . . .d^. = . ^ .0'7£ *^.C>S7(/0 . 


T£^^s<::a/=^E I>a/=L^cr/<DA^ /€^r/9r/^v 

Sy - 4. C>S 1C /i%9s) - 4. 42x/S'^. r/j _ 

i4 > ' 7, <^c5 V /<i> ^ = JOJCaK-ZD^yn 

* S'y 9 S'pM “ X ^ !Yt ( . 60d>^Sl w) 






PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 

PP9y^3/<Y,A> Aa//}-^Y543 

toR No S^SS-P 


SHEFT otr 

SOUTH PASADENA, CALIFORNIA 91030 

A/=/^7- /=hy^ ‘5?Jy:?7- 

riiTF P~2- 7~ 7c^ 

TELEPHONE: (213) 682-3391 

/VA-SA /./.5^ 

Rv 





//V' 77/e ^'4 k/S> 


/^^>^^A/r J-^/p-J? //l/iSp 

f 

/^ - -^^ 4'<c> a/ (0^<^ 

.>pf^ 

/^ ~ /%-y£ - - ^y4-y //./^ ^^■y^A') 

^^^//VZy e^BA=^Z£ZLT/ZA/ /=^/^£>/>^ ^DAl^r Z^^/P/yU^ / 

fi- C„ " -"' 

fh,y^ .0£>a^S /'V, Be5.0)/)D£D 4'/^T 3 /Z<^. 

~ 4Zf^ { /./p ? " 4-t^<PY^^0 ^ ^ytJ. 

S^^/AJdy S^S/^Z^CYr/Z)/A A^^3>/4 y. /^YhB/AAi^ 

- /Z&o Y /, 3 /(^ A /O^ = ,C03^/SS /AJ. (4. A)/ Y/d 

C^^A^Zj£ZZ7~/^y\/ /p7~ y3LS3. Vu33^ 4?Z)yi4yEj^7~ B-iY^y^AZP : 

^ ^^A/<s" « y/,4-5 y^yY^fn 


/oyy-L cS^s/yy^'C.ryg/y /^r 7^£s. Tl/Sd yfnA^. J- /Sk^/^L l^/UPS: 


£. ^* 44^/3 
(f> /^ 


H ~ 4 ^ +X - 4-A/ y yo + 4.^!^ / /O 







7?Bf= 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (2l3) 682-3391 






/JS(^ 


Job No. 

Sheet of _ 

Date- 7- 7^ 

Rv ^ 




'LBCr/^AA 

“T- 



-/4X/5 Z.^4Z7//V^ 


&JLA 


^ - 2225 N 

/V =: Z2ZS 

/Z - - 




(SOOlb^ 

(30tn) 

; /6 f5'.5 /1/. /W 

= /V 


TihJS i’5orA-r/o\i 


^A/<& Is €3>NS/DBeej^ To £>B 

FiZBE Srfi-NPiNCf w/rM MOMS-Mr 
1^405 A^r- Th>£.^ /^JD- secnaz-j 
AND S/i^FLS suAPo/trs At The 
/BP.TBS.Ni£ BE.OTICNS . ( Zlhi^n IS 
/^cruALLr SuPPa/treD 4caPNP ite 
PuAl D/A&ierEfz) 

5y /i^ErAPo PP St/AE/z.pasfT/of^ j 
/€/ a /<$ /S 7pe:£.N AfiA&r fin 
JBe>rPT£p 72 72 cTPSE 5 

DP /Zsp . Tab Deplbc. 

AND PAUP Tab 77 n£ ^arpr/oH 
oAn Tm£n 6e pareAHiNSD^ 
(CDNseeypnPS 4 hacyS/s) . tab 
A-ATSPAl Adad An£> ^Ac.r/oN 
UaY£ &BBN /\/£Di-BDTe.D AS TpSP 
Oe Nor (AiNrPJ 0uT£ 7b T/nb 
AZcrArioN. 


kis TBpsionpl Shape a=‘/}otdp! - I.zi7 ^fO'^ 

ly - Mofnenr aP iNetriA 43^>pr llEopeAL ArfS = 4>49 p/6 

£i Moovlos DP ScAsnc ITT ^ 

Si * Modulos da /2iA/Dirr = 2.7^ p /o** 

\ = /ZatiO ^P FuSpOPAL To Fp/-Sf^^/7L FlSf PIT'S - 

(can^) 




51 


^ .PI 




Z?£/=-12r-~'7 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 






J//hAA. /d 


Job No. 




Sheet of- 


p*t=^i22=^ 

By l^i&lieLky= 


'P 






O 


I>BiCzc^crr/d^ ' dZ-4)a5 
/^/2 Lj££^r/af^ ^ ^y/jrs 

(f -m ^ ^ .su(.9i^ 


-r 


= /A4 //(? rv C 000,^5 !m) 


o{ = 


f.C»4-r^/0 

,3 




s S 4 . C ,1 Y /o 


-2.Z>^ 


h ^ (f / 7^ xy2 - 7/) * - pr (l4-,17)(-l. iP) 

s= ^ 0a c> )(jr2o/5T A-r rh/^r^ 

/£//yg? /2£>rAr/£)Aj At 0a T//\J£ % 

Aji = {/l■2^^) 

17/33 J)aj=L3cr/4ff^ Ar a)/= 7] /s/e 

'Z ® ^ ^ ^ ^ ^ " 4f,^^ Y /o' ^ m Cf 001(0 m) 


REPR0DUCIBIL.1TY' OP THfi 
ORIGINAL PAGE5 IS POOR 








PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 








Job No. 

Sheet of 


Date. 








/4T 


77a1£' 2^^f=‘LBCr/c/^ - Lo/^xp/k}<p, /aj ^-4x/rf? 


•^2 



A^/vs/£>s^ Ag^rfLevs/z. 3 sm-m fs££ ^BF ^ 

JPjEFLBCTT^N 4t 

J^ = 


B, - /,sa3 32,- ,3/4 


a ^?^4 _ ( ,_ 74) _ /.SOB-/ U0^.3/A] - f, 00)26, /A 

4(73/^/yjf€3’‘/o^) ^ : : ~ — 


A4 -oF£ Ar jLaAz? (^oFS/os/e 77 a/s As A/ mplB 3F/iriL2 \^£S. sf AsA/SfrA^A) 

A- ,35 m {$3 >n) 


- A^ - ar 
3r -ZEI^ 


2(7A* /o'^XtSm 


? - nS y- /S^ F ad (24^ 














PERKIN-ELMER 

BOaER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 

/}/UAAy37^ 

Inn Mn 37^ A A 


KnrPT Iff! 

A.py>r Bo/e B/JAB 

riATP ^-77~7A 

///s/i /JSC 

Rv A 




/4 /vAc 'TS/S 








^y' /A/:dA>/££:A~/£)r^ d:>A 77?^£d.E' ^-3 ^ ^ r%£" TA//ZBS’ 

id:^//^/r/(:?A/s wsce /^<f^/vz? 7Z> P^i>c^c£ /AU/Ad 

A'K!-5> AA/n cud>MS/fAB.o A>^/^ 

/, AA-A'a/Ca/ ^£.<L^A5^ 

^oc/D A?£^r^>/^ Ccdr-aAA-- 

3 ea - Sd/ r^y 


V/SeAT/ON 

sraA£>r- arAra Ac:ceL£424T/CN ^4S BaeN c^m3/^bo h^/r/-^ 
2>y'4AAf/c 3//JU idJOAL A^O ^A/^p<!>M i^/SBAT/<PA/ Akj:^C^/eAT/4A/3 . 

t’/t(£ ^y/vAM/d At^BcaeAr/d’^J ^ 7^31 b abb Ebducbp 

71:> /2M3 AA6. L/BB A/^O " jBC/M 44 TA£ 5^d'A/^B^ " TAilB/^ 

77? A^/AyA? 7%T CAMS/y/££> B^AJCJ $d>/P4 L And ^k/AyOD/^ V/BeAr/o/^^ 
/^A7B ABBBrd,aBA-TVpNJ , 


/E'Ay^PON? V/3BAr/?N A CBBCBBAr/ANB 

A^B4/^ TA3CB £'-7 ^ j TAB A<^BC ££. /^T/Da/ 3 ABC TB AC DsnS/tY 

A AS Bbbh Plottbp Anacycbp Csbb SBAS-BATB bbapa^ 

AAB AcCBCBBAT/CN BA A 4^ As /^BONAnt 3'Y BTBAI 

»PB^Ar/AJ (^ yy/TAiN a /b /As saa/dw/dtA. 

<7 = . OB3 
3 - /p 
^ - . J7 BMS 


MBC/AAN/CAB AMPLi4/CAT/3N PACTPr2^ • 4^. 

A At J^UA A/ CAC A/y?PC/4/CAr/DN AACtBB ^ 47 ^ 44 73 ABSUNjap 

/A^B T77£ J^/Bf-/TLY 2>AP)PBC> ^TBBBTPBAC Syjtbm* 




5-^ -3 




PERKIN-ELMER 

BOaER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 








Job No.. 

S H EET OF 

DATE_^Hi22lZ^ 

nv ^ 


STZ.^e:S Ar^^Yj5/5 


REPRODUCIBILiTy OF THE 
ORIGINAL PAGE IS POOR 

Tf/^£ ^C'PPe’/z7~ /^PTO'ML c:- / 

77/ /4x/> (Y^A/C/SPfO • 


X - Ay,/5 

£i' s 

CP5 

Y- A7L/$ 


CPS 

7'ATi/s 

4) = 

CPS 


27b 5 /(^fA7 A^A05 C s') 

P)' h/'o/^sy dT//sE Y:pAyp/7'/o/</ iV/rP t~PB pypPM/c 

AcP-^LSjt/^Tfdt/ sarct>££/>^ a-t^o !/z) 

Ar TP a A ap/eay BPS<pP 4 ^rr 
6>p 77/B 

#/7^ Kft)3 


A /Pi/A/C/Z /^EL£A^i 


S7Z/f£^Y 

^4TB 


yf0JZAT(6h/ 
SfMtfS{>/:>iiL -t-/ZANOd^^ 


Total 


X- V/f^^T/aAj 

Y ~D/3££cr/Of^ 
Z- D/aacr/<pP 


~ /, 5 ^ 

t £>.fg 

ta./g 


\.n^ *zo = PZ(zt>)^ 14^ =+/2. 


-h ~f.707‘ 

■h~ i ,5^-f- ,n^ > ZO - ,53 (ZC)- /O.Lg - ± fO, 7 ^ ('Mai) \ 
p'i2AS%ir >- '2P = 2.^ (zo)' 53 ^ =±S3J j (my) i 


^T)UA7 £7pB/BBT CcJr-dPP- ^BPA7^PTf3/^ 


X - -- LO ^ 

Y- D/Bbbt/oN ± 0,1 ^ 

Z - DreECTf^f/ to. 3$ 

3. ££- ENTSY 


.jfj- 20 - z.i (zS) - A2 ^ = + 4-/ ^ (rmi) 


rh ^2j\ ,r" 

' i^z7+ ,n'^ r, ZO - .2'? (za) - 54 j -±S5 ^ 

•hhzP^TjT^ y ZO - .t9(ZO)ti -tS> ( j 


X- 77/B£Er/4/Y 
y- I7/£ECT/3(7 
^-V/EBCr/OP 


Pi, 6 ^ 

t 649 

T 3iO^ 




= , 39(7a)= 7, 8 5 - +&.S ^ 


•f y.g/S ,iT ^ to ^ ,r\(zs)yS,44 

J PhToT/Tn^^- ZO - .7 Z(to)~ -■^I7•0 y ^ 

(t/ora; Pe-Entizy l^pps Abe Lb55 Tpap AauncH oe A<:>itKEr Gi/r-CFBj 





RBS>BODUCIBILlTy ^ THE 
ORIGINAL PAGE IS POOR 





20 50 - 100 200 : 500 1 ,0( 

Freauencv - cvcles psr second 

r * “ > rs Ka Wei6Hr < 

■' Hj 4 i^y^3aniJu}icU-h ^ -l/ltCcdi =: r ^ '■ 


,, • • UhnoP^K pH-tT 

4r / = ^ ^=fto(7s} -- 1.2Z^4^JM7}'- ^'‘'^SJ^V7c7^7o7- 

'■'^•S . P.O.Box 651 

Sdi^M Barbara, OK 9^3 102 






















PERKIN-ELMER 


BOLLER & CHIVENS DIVISION 


Job No.. 




916 MERIDIAN AVENUE 


SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE; (213) 682-3391 


SHEET OF 




f=b/e CpeCf^Tio^AL AaAc>5 

CpA/^/r/0/^^ //£,/e^rw^ 

A jL/}C7^CA/ 


2 X- p 
^ Y- JL^7)-£i 
£. Z ~ A^AO 
^ Q ~ 


/d>y 7 ^ 
SS. / ^ 


C 5rSAOY~ ^r/9T£ 5/^/, Y/£/2/^r/oA ■*’ E^fjjpo/^ Vi^jzaT^j 

C lo 1 

X > 


SuP/^/Z- T 


4l(7A1 


>^ty =• ^4 ^A/t^ 


-f AA/^C 3t^£ 


^ /Z. 5^ (B 

1403 CS037 


fy = /d*7 4 e Z.ZZ'Ud^T^ - 2.3'y^lO^ 

( S2^) (34Z 


J% = SSJ 


N *7 

' a Z^ZZt/cPpra ^ U^9*/0 

(iz ^) ( 


Y^/^S/^ED SBNO/A/<^f SrEE53 


E 3.7/ rt ro 

O . y- "' JM/- 


( 5, 


/r)AE<E//A SAEETy' 


/»^-5, = 


4C 


S3B0 


-/^ 7.SS 






^ 'XT'/es^e J^/9-D ^a/\//D/r/a^s 

A ^/td^'/VCA/ /^b^.BA 3B /^C^K/r) 


A Z 4 ^-/^ (A^A/7y^^r 3 bab/’AJBi 


A^vpohi B/lh ^^SA'I 

'/Vah/- cTye /////£<: /A^i?, 

^ %s'4o <ls 

= l‘}<f,Hol~S 


^ X - - 12, 5 " ^ 

^ Y ~ X£)A£? - ^ 


X 2-“ -C^S,/' 


Ay^/^C <^^LT 
ZaO/^L 4' A^aM£A^T~ 


UPP^TED To 


Th-r^c 4y(./p}c /f - /zASj eS340Y = A.^jr^/o a/ 

Oz^>0 f) (IS^ £^00 lb) 


Y-^-)(/3 Zcbb /C “ fo.l p/(B S32‘,0 p - ^ 4 


^ ^'^(iz^evjj az,S‘4o Ls) 


^-Ak/S Z/^D/P-L Aqp^ <£ S340^ = 3/.a3^/a^A} 

(IZOP^ (^f^^zo^s) 


Tome /-a4l> ~ 5, 1C. y^/<i>^ A/ 


(I0ji35 13) 


A7a/)^^ryr Z^p}-o Y-A^/3 
Mot^e^r /^/^o 2'/4;^/3 
ThrP^L /Ao/y)£Nr AX)/^£) 


H-m 


Aly ~ /^-7^ (2 4-742 p>/n 

' \ 2 (4ZotrO iS-X) (^£i,rCi>cs/fi) 


N,)H 


^ ssA/a <Z 4741 ~f - 22C>>/o^/f‘m 

2 (^zopolYm) Aj359, tin> i.a.1^1) 


XJ ^ = g.^/ % /a ^ i/- m 




/ 


/X}47Bg/A7 4)/= (se^ Hatr Spr A>,t 

OPi^artD 


AA) 


P.S. ^ 4m--' - 

Ali S> ( ^ / •= “ 


/4. s. fMp^iBNT) - / =- . ie>\ 






PERKIN-ELMER 

BOLLER & CHtVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 





P.c<^Bn/£jo 


TW^ YY>/z/d^rva^' 7^ I 

^a//U.Y^/^ /A/CA.£AA^^ZP 

7i:> €^a=l^ct /aa 

7'/V£' J2^->^X/:S a/s^, A^U^aa/ S^Y^Lrr) \ 

//£:iVi <^^SA’<0A/ /4YA:BOeAZj9T-/6 ) aY /A/ M ~ AZSCrAd>AA !! 

iPu/S/AJ^ /./hiAAAM I 

::^AHAfr^^ Pj9YA^a 7£> /4i;:.<iOA^Y7aP^7-Adi-Y \ 


- p//z.i£<l TAOAA^ 


T»t3£,£ 

7-<^ \i 

JD£SAt^AA P//Z-£Air/OAiA 1 j , 

i St! p 

■ 7,4^ 

Sre^PY Sr-Tg-rB |: 

DyA/^AiAC d>o Pz If 

±/-^S 

. . .... _. .__.. ....il 

^t£.P/^/V 

f, 

/~^AO^~-ZrDt/S.BC^T‘AOAA 

hoof ;l 


tcj + '^LC7D7)0,^-^.if A20 ^ ±2C./ a 


£a 7A?/^C LgiA).£) /> - \£3^ ^./^= /A, 73 A AO / / 

Tc rAhC /£aAOaa 9-C Z-CA70 ^ = ^,7/7A/o^'^U73 Y/a J -J. Z74, 

{ Z7j3f3 ts)' 

Z 4-AIS Tyjafl^Si^r J^40 = 4 A Z6. fa = ,5 <g X Ao'^M’>m 

j Cea4j Z^ ' 


TorAi^L /4oAA£Hr /t>4p i-(^,59A/fJ=r/,oZx/o^ 

S/^rerY a>iomi A?.s.^ -H H.S4 “'“ 

AfoMenr M.s.= -/ = *.SZ (gg 






S/ 9-3 


PERKIN-ELMER 

BOILER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE; (213) 682-3391 





Job 

Sheet of- 


2^-Z7'7<^ 


Sr/zj£.ss ^/B\/ec5 fc/z 




^/h)Cn ^LUM 'ZZf^ -r<$s/ 

^ Y'- /us>^o - /o*y a 

2. i? ^ ^SJj 

B^a/d/A/<$, St/zbss 

- fZ.Sq /!4^7 

J {lun^) ^ 

Sy =■ /o.7a ~ Z.ii-h/o^ %i‘‘ 

(Ce>MB/N£D Sr^tssS 

/ AfAfr ^fz = 

Y/^Z6/ 




^/- SA/^err 

A/1 < - 

/^'■^* “ /7Z^/ 





-9 


PERKIN-ELMER 


BOLLER & CHIVENS DIVISION 


916 MERIDIAN AVENUE 


SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) G82-3391 








yi^Y£:L5 L 


X ^ - /-CA-£> 




-- /Z.S q (£ 4>2 


— St ZS f At} 


i // 

Jy - /0,/q Q Y.S/ 

' J (tm ^ 

/£ 

J-Tr ^ /nhf 




3 /A^££> 7^ rJ 5 /L£: S r/2.B S 5 


‘ Z.'tl tlO^% 
1 3%24D c3/,n^) 


/>Ja€^/a/ yy 3t4/=£:r y 


A/i <* ^ 4<L, &0O i 













PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 





Job No. 




Sheet of_ 






/MV r/ON^ / ^£sav6-h/r l/'//3v^r/a&'. 

-2.^ 

SM/f-v/Zr/SA/ 


^, / //V/VV" /iL(//^ z^i^~tSs/ 

ftcf ' 

'1 X~ Z^>/9V = A/ ^ 

^ ^ B. / ^ 

-h Ay/^L 

Ji/ s 

jp^ = 4! j €■ ^>0 
fy * 2, Zl'^/0^^^ ^ l^u 

“ BJj€. y-fO 

^/y?B/A/£V TeAS/lv Sr,ZBsZ 

It, " U¥ X /0^%^ 




vr S/^-PBTT 


- 1. 7^ 







PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 


Aa/^^ys/^ 



Job No. 




SHEET- OF 

n.., Z--27-7i 




A^xr/^SM^. 


^.Z Y^^Pr (d^A/rA£:r 3 ^^ /aJ<^ ^a/cv 5rA) 

^ X~ A^/W ^ 4! ^ 

‘^Y-Aoa^d - s.s ^ 

2T ^ ~ Ag^D r / a 


/OT/9Z. Av/^l Auso Y" - 


J^/^£>//)c Loads )< A?(/s /^ 




/OM£/^r 


4/^(l5M0a 

(nviiuiy 

S.S^e S3^Dj^ 


Tor^Y Pkp/£i /A)^gj? /^ -' 

Pa/ntNr /ya)d P4?(/3 Piy^ 




SSje474?f= 


PJhiAj^ 

{^4-%ZOO IB) 

B. ^4- >10"^ M 


4.3Zi.m^ H 

S.23 i-fO^ 4 
(h,7S8l$) 

Z.Lif- /o^ hi-m 


^ '/ix/5 ^J>, d 474 7~^ d, A fo^ H'M 




4.<i>S%/0 4 M 
(to,Wie'P^ 


7^/7-A^rr 


M <r A. \ ' f^4,430 / _ ^ ^ 

M.5. /4x/£l) 4p.'z^ ~' “ J. 05 

Hi. C£ai>,^l) - ff4sS -' = 4 <7/ 

M,C. ' to, w a - i^A 








PERKIN-ELMER 

BOaER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 




^ aja/.y^/3 


A-J^Pr -5?V^7~ 

M.S-S/Z /s/£^ 


Job tir. S'9Sdc^ 

Sheet - 

Date _ 7 


zL^i/a^s /='(p£ 

^,0 5<^6,/v 5^FA/2-4T?a/9 

^.3 ZZ/A/iS' ZZ!^ -T^s/ 

= 4 C,&ffO 

5 : x-jU) 4 /) ^ 

^ Y- = s,s^ 

X X' ZLmo =• 3,!^ 

~ 4/ ^ ^ ^47 ?-/0 TrP^ ~ 'f'/O T0*' 

/^ ^ A/ , , 7 

%/ Y ” ^ ZtSO A fO It !0 Y' fd /f}i- 

Om 3 fN£.D 3BNI?fA)S7 STJ^BS5 

fn -'i /3+ J'3^f} ^ St 09 'A/0 

C73e^ ^/tMt) 

M4^//7 /)/= ^/y-Z^BTY 


= M£. 




At 







PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 

rr^:5/^/s7 AAJy4£YS/3 

Ii-IR Mo 


Ri^fft of 

jo/Tj^T :5d/^r~ 

riATF •^~ Z7~ y 4) 

/t^4-54 /U2<Y 

R,, Y) 






^r^2S /=^/Z ^/^^/Z/^T/ar\//9-L /-<::)/9fP5 

SyT^/S^M^" C4sO^ /0/7^/(0 

^•0 :^ac/^ / ^A^r) 

T7a/£ ^z/^ -tS'S/ 

- 4C,^ ^/^/y** 

^X - 1^^£? " 

2.Y ~/^4/:) = S.5^ 

^ 

4fv£> Ay/ 4^. 3re.e:$2 

= 4! ^ ^ 4i2.'^/0 = h 72 ^ /O ^in - 

J^Y= ^ 2,5/ =5.^3//^^'%^ 

^ ” 3< % fO'^ ^/m'^ 

Y^^/43/m£p 7^N5/Le Sm^sss 

4=y»^A/rV/ » s.a'?^ // '%,-■ 

(7,347 

/774£i^/A' 5/9££TY 

M.i, ^ g^ 


- X-/ 


PERKIN-ELMER 

BOllER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 

J^A/A jL 

.Inn Mri 


Shfpt op- 

SOUTH PASADENA, CALIFORNIA 91030 

4/=p'r 

PlAfF ^"27'’ 

TELEPHONE; (213) 682-3391 

. AJA-SA / JS^. 

Rv <27 '(Co/j^^y^ 





/^aJ 4LY5/5 ~ /AJ X^ /^y/3 ~ X^/9-XP 


^c/y^x^^>^r - 5 ^ ^l^': 5 Xh/e 

Z^^/)/A ^67 /IajD y 

Sr/^^ss fAs 4 Sbclsu^/ll^ 5P/2.^iU'^y( oUe^^r Cax^) 


± __ £ SC, h 
^ O S) MaJ 


l) = P£)/sSti>/^i CA^rta - .^3 

AJ:. C/^Smr/T =,7‘? (p y I -^1$. I 

C, - 0>/^ST/^P * /,4C £ Vh^3, 

S - '^>SS m SkSJtc^/fi/) Aa /Sy 


Jh. 3SS){^§3-*/0^) ^l.44.)C3o) 


- Z.7^ r^/o" P/m^ (403 













PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 








Job No 




SH EET. OF- 

^-Z7-7^ 


Date- 




fAJ X- A X/^ - I ^ /^>AO 








= -^ — = 4^ 4m e s^ fo- 


7oe£/(J£ /-■- r ■ ^7%^ . ^ e&-o' 


2£a/I>/^>6 ^T££^5 

j £!^ ^ . u‘n^>o\%’>- t'/u <s J 

^ -If x/^ ^ 


/)fA4(. ‘Sr/iBss 
•p d. 

'^S ^ 2t/!} ” Z(.a/3)(MP>) 





PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 


A/}J/9 - <L'r'S 4:S 






Jos . 

SH EET OF 


Date. 


g^-77- 


4a/A^'^ 5/6 - /^AD/AJ^ /AJ X- 4y(/3 ^ 


<^^li//y?A/ fl = 222^^ Aj Ui>) 


4k/Al = (6l%)e 1^. 


/ 






PERKIN-ELMER 

BOLLER&CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 



Job n<->. <0 S}!p 

Sheet of____ 

Oatf "Z 7 ~1 


^A/SLYS/S - J^AOA/\J(h /AJ - -^5 








~ rr1 C /Aj) 

= 2,^4’fn (fo,dlCf*j) 

£ ^ ^BCfA(3ls) 


Fy - 4443 M (/f90C3^ € f ^ 
/y-/ £34o ^ {jzav 1 -b) <3 / ^ 
M = = ^0S>^ 


SrAZass /^om/sht , ^ (L / p 

° ~ CUW" ~ 3J^Ci’02£)(e.e4y ^'-"^ & / 


3SNP/K)^ St^£-5S F/^m jE/YD , /y’" /^) 


A S ± ■ J. j^cP4. 

•»« ^ ^ j in 2. ■^ — /• T" 




\f^(.Co3^X2.0(P- 


S ± f, //z <2-/^ 


7 ^ SeA/p/AJ<^, Sr^ess 


A ^ ‘Z,^ZFl t^/cA Y 3 Z (£ 





L 




PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 tylERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 


A//Or C^64-i 4-pa/rj-/- 

SB^^/AJ<ir, , e>OC£ //j. /’/Z^Lcfi-D F^£Lsfi-£> ^£U£V£D <i9-r 

!2»p/oL fc£U)i^p Zgi,l£\^££> AT ^/,6£0 L£ 

/y?dm£^Nr jL^^i?/a/a ^7^7 /l^' ^ 

( 4 Z/&(yo 

(^ / £7 

1 1 "9 




/^AD//iL J^F£^/AJ<h =■ ^3 ^o4C/z^ ca) € t ^ 


jC I A/ <^ "■ ^ _ -9 ir fio 

e / ^ M,S. — 






3 


c 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE: (213) 682-3391 




Job No. 

SH EET OF 

n.r. 9-Z7-7^ 

n„ tO 


i N 

J CA^t 

i 




'o 


jC. 

i ^ 

--i Y i 

miM-' 

I /»/< 

-^c 


:Sr^'55 dMtrSfS - /^A^D/AJ6^ /a) Y-Ay/s - ^3 
/^/aj^ 37 C A^epceonaN An ply 5t 5 fh/t 
AfoMBNr H - ^ e 

Afpyf Se/^/3/A^^ STA3eS3 

To/zs/oAa-l £ 5 (^. 

A = - 4SwMc3iy ^ >' ^ 


M 


u 


■:S4-r-4- 


f 

I 




PERKIN-ELMER 

BOaER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 




.AJ=J=L7L 




Job No. .Si^<0^rP 


SHEET- 


_OF- 


DATE-.^-.Z2rZ4. 


AaJalys/5 - L£}ad/v^ /a Y~At(/.^ 1 

7/a/jss J>e^cry£>N c^£c)MBr/eTj 


Sr/2jB£>5 


j: . \ &A. 






- miLB3^7X_ 

4.6> (fo 


(7^9.7 


e /f 



^f}- H-/ 


Job 

Sheet of 

hatf Z 7- 7^ 

RV 

- jLaA£>//Ji-9 /Aj 

/^/^o//U6) ^/\/o 

/hs /Kf 7^^ Y~Ay/5 

BeND/v^ Sr^ess €. 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 


^^£^/<^/V Y'S/^ 


A-/^/^r ^(y<D7- 







PERKIN-ELMER 

eOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 








Job No. 


SK2ET- 


-OF- 


date-^-.^7-74. 

Rv ^ 


^r/t£SS /4 m/^LYS>/S — /~Y>A-D/AJ/r, /A) /i^AD 


Ps /A/^£>/jU(i, /AJ 
Samb STBj^^3 


/P / ^ M 5 - 




6 Vy P}»S. - 


3 A, 

fZ^>Y) L 3 







PERKIN-ELMER 

BOILER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOOTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 




Job No... 
Sheet of_ 




^a>alysj5 //[/ L£)/)jD 




fh£. 


^^ND/ /ig r 9 


/V = ^ ^ dcs ^ 




- 34 7.3 ^ 


TiAJ/$r/AJ^ Sy 3^- 

j- ^ ^ z C- sY. 107- /) ^ 




wIK 











^£4Cr-( 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 


/>7aryA/7- 


^P/hl.£LA3 


/Q-ppt 

J/.4£A 


Job No, 




Sheet I— of 

DATE-g. r2 7-7^ 


By- 



7^lSSCc/>^ 


2 C AssuMiBo) /\/» 


T^D. 

\ /V 

: -f 


4.et4- m ( /&0, 6 tn) 

/ 44- 3^L.r5 ( 2,S ^ 

S^?, / m»4i f3,S/ 


S^T ^ f»m 

/^/n^r 4/^ - 7/ f 

S4/e£.ss 4^ tnuP" (,£>7^9 /N^) 

ron^L Ar ^ /49(^49)- 7oSk (/o,44 

7^/^^SSu/S^ £>/y 

P= /s ,S9Z LB 

Bclt Srkess - 77 S7S ^//v ^ 


La 


4-3Sc/m£. C^'/CAVS M»4Si/e - /V*- 


^ht/fr^ — ,4 7/0 /M. ^ 4/f^ ^ 

A9a/y7eA/r a/y ^yA^BUta P/^^)M Tblbsc£>pb: Alou/^r 


fr^ := 2/^4 IS 

m-* A?y = ■Z/^4 * f0.l ZS 11^ - i£7,3ZZ 

- - - ^ 

S£c.rf<9N Atcovciy^ Pattbcaj : 


0^LT IftJBAk 




(ctNT) 


,d7S9m /Ay. , Si^f=j£cTiva 

^£! /7A/ fi , 67^/ ie) //J r~/4/ck:sJB<>*> 






Z 


PERKIN-ELMER 

BOLLER & CHiVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE; (213) 682-3391 


A7^oMT E.J£f9C TtOt^ 




Job No. — -^-/K 

Sheet — ±:of 

Date — 

Rv //O jr 


^C-T '^TTyS^/Z-^ » S-r S>e> J) 

3a(~TS Ai>/z/yi 71 >b>£ /a/ ^ , o-Zfi, jfj, jyx. 


-t = ,0'Zf(> /ij 


7T JUJ 




Sppm Sac.r /4e/s/Q 


T, ^,4 .4 (/id,/) (. OZ/U) = ss fzz 


nsii’ 


= If ■/ ^ ^ $£r^zi / ^ 

SbC‘ /^ODUui/s /Spc-T Z^/^Saor /^/4-AJ(e,e ) 


/cC,^ 


Cfl ^/Z /AJ 


Sr/BB5S. /Al S^d-T-J 






0/4-/D 


£> K . 6^7.3 ZZ ^ „ / 

^ = £ - ~^—ZJ ^ /,zi^ 7 jaT^^ ^ ^ 


A? Cl ^^.5 SPScB L/9-f5 /JuL 


. 8J? 6 = . 80^A>zo) ^ 409 ^ ,aj ^ 

ZS5S /AJ /^PLC /L^'9Z>/Af<B7 J 

J? _ _ ^^z szz ie-/n __ ^ LBy Z ^ ^ L.' ' 

^ = — - — TTirzz = /^O Z/Ai ^ /d>7 

I, S (/p9^ , , ^ 7 . 





/e^/)cr-3 


PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 


5PS:CELA.6. 



A/P-5 


Job No.— =S, 




SH EET-i=^OF i 

DATE 


^PAcbl/^ 3 ~r^LB3CE)i^£ P?oQf^r 

4:^po/yi£^ Ax//hC A^/}-£? 4r Aj?-(yAtc.p - /z. S'y 

i {'r^is ux/Lc CoAoa/AX£: pV/T» A^st/mex^r 

6P /e>,? 

X /ZS ^ Z%^ZS L6 
7£HS/L£ .5r^-S5 //V S€iC7~t P/Zoti^ Ax/zf^. 


a.sz >7 e /^5-<^-s 

^6 )0,4l^ ,N^ 


T^a/s/c^ Sr/zsss /a) Moll A^/z^m Ayi/^L J~a/i-0 


J- = ^ 


_ Z'P HTa L3 _ 

f7r)Cz\ 


=• 273 e /z.s- f. 

JOVtE Jf) ==== ‘Z 


/ 

>s 


Sr^s.s>5j=S 4r- /,4 z/a/<cp /^£.ce45£: 7 el£S(:^)Pj^ 


A}o»^£Atr Ap*L 


/P.7 as 

//y (£, /Z.S‘^^'s 

/»4.x 3^r Sr/zess J^ - /jZisy ■/ 2iS07 = 

(/)rr»^Hh£nr To Hull) ( /3 aA Fttis^tnce-a) 

Sccr Srcas^ Pm/k /S PS/ F/zts$uA£ /HSroe Aull 


'U “• ail ~ JN 


/o. <f‘/ in 
M*ct 4<jt* 


/V*- 

iriameur 


fiy>»L 


/^y' J/ucL Sr/zess J~ - /■ 273 - 43S 


iS 

/H* 


Mxu. Sp€SsS /s PS/ 7 ^£ 55 < 7 < 2 .^ miP£. Hull 

30 1, B9Zc 3 p ^ 

/oO.S/n-^ - 


( /kess: StiZ£s2^ 








PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 


AAy^^.y':5 /:5 




.V/hSA /^Sil 


Job ff-^ 


SHEET OF 

2’"2'7-7<^ 


/^/e^ Pt^oFBene^ 




ik^l'O 



AeeA 


l^C>SS 


JL 

9S 


A)L 


Jjr-Y 

- - 
/z 












'3^ _ 


f3C294,) , 

/ik> p3 ) . 

(S) /-z ;■ " 



6) 

M. 

44 

3%toB 

2470 

U5 

5Z6, 5$7 

i(>P^ 

3B4& 

95 

ZJ,64SjOOO 

ZljZ35 

IBZO 

/i.f 

331,695 

H,nz 


97 

22.560,434 

Bl,i66 



44,Bo9,B?6 

ItJ" A4-.^ , 

f 


4-,49 t toT^ 

To 

A 


Ad^ 

2/4 74> 

2490 

140 

4S,4f4-,oo^ 

wn 

3B4S 


/3B,5ZS 

Ipz 

iBzo 

!6£ 

49,549,500 

n.ui 

191, 9f34 

391^ 

/p 

/S6,(d56 

98,230,6M 


0 /S^/^o = Z470 6.5 
^ / 3* z% - ts4S /ses sa^Bzo /sjs 

(D /2^/40 = /BW 3/f'S 566930 90 

^ /5x2f2 = I5ZS 575,390 L5 

l//f34n,m‘^ \in4.3jl395 


Z24 6S0 
‘iOS 
izn 4oo 
24 U74- 


996>^2 


= tfi.S 

n,9S4 


. (0,Z‘7) 


(Ul9o-B3S'l6iS 




T^^s/caal Saaps AActotz 
\/C~ /e>r5/(>nal 

a/ /r?c.f9/an - 

' - 30S-f /97 J0<9-^ /27 - 9/6 mm 
A ~ P^rox uji-Uim niiJi/fy) houyizAri^ 


4^ Bp. 

CASe <9 JO /‘95 


m 



177 


2o5 


. (JT^^Z 4c.,3i,0 


mn, 


-^X-K “ ^ ~ 


^ 4 

mm 


t- y/a// 4Atckr\e55 = 7^ 




(bS^A /4^) 


^ - 4/4(2,350)03) . 

^ u ' 91 s 


6 4 

IZl.l mm 

^ »A 




(Z^ZA m^) 


f9 




^ -t- ,x>&^2£4)(,/sz)czy=: /Z.4%/d'^m'* 

^^2 ~ / .d06>(.-zz‘i)(izif7 . £>£>(, C.4S&)Qd^!» /,? x/tf '^1^2. 2 ?.<$>( ^.2 y/o ^ 

Avs/^A(^S /y?04?£r-^r /A/£very>5?^ <yh/^’S/A£^^/z/\/^ TAPBfZ. /A/ Ssar/CA/ 

CP T/a/£" ^ Will Ss ApPi^y/p)47&LY’ 75% cP^ rMpr w7-r 

4\a£, Iy,y = WSr/Z‘ ‘^ *Ao'^} - 9, S * /O"^ frt* {Z23 /a/^J 

Ave. = ,75 (l.z^/ 5^)- 4.^y C/io lAj^) 





B 


PERKIN-EL.MER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TaEPHONE; (213) 682-3391 


Job No.-i2_Z 
Sheet of_ 





77 //^^ - fkcFB^TfB^ Ccont) 

Saaap£ F/}cr£>/e. 6u^9 //jT 



l)\= ^ ,4s^^.zr^-*-,zz9-^,z^9- /J9B m 


A - 4 ^-^ u>iTH-ihi E>cund^y = 

t * TH-l^kit^e-SS. « / />7 




4A^t .4C0813)(.6 dC>) ^ .^-4 4 

Tnr -A^.g -y^,,, 

^7 //i/^ 


/=^£7(>C//ZAL TlD To/Z-^/4rAAL /Z’A<^/D/TY J^4^T/(0 


if- r 




PERKIN-ELMER 

BOLLER & CHIVENS DIVISION 
916 MERIDIAN AVENUE 
SOUTH PASADENA, CALIFORNIA 91030 
TELEPHONE: (213) 682-3391 


Job No.-O ^ 
Sheet of- 




^-ZT --7 Cr, 


/yST" S 


i> 


► 


A<^0M£>Z7^TWN /t/ANDBoO^ - MAY /97S 
£ SA /£ 5TBC J J^COf^O ^’'^K , TI4E /^BfHB/ZLANDS 

jeAYMa/^o sj. j^aAfZit:. ' J=6e.MULAS sr/ZBss 

AND sr/ZA/K)'^ ~A£>c//ZtA JBdit-ION j M<c -7^/lL 

/?B£A£7- d>A/ SUOT AA/Z. TT lb '' 

S5/ZC ) S/^AY I^IS TO J /^7S. 

'WBAS/3/L/rr BTC/DY a a rAlB Z^PACBLAB ULTBA V/O^r 
(pAr/CAL t£LB5£AA£‘ AAD/L /TY " P'/MAC ) 

33BC ^ DctdBB^ /97B, 

Aa^xaaabj^ blaab: '' ^ouj ro a/nd dbplbd7^/d//5> 4/vd 
/ 9£>A/BNr oA £j/y/Z-j5 AND A/ZONATB £BAM 5 ABPaJB/A 
C£>/BP, Sac/BA AleNTD, £aL/A, 

M £. Perz/ . "^/?UAr/M3 adb 3' tapbbed EANr/Ls^JB/z 

BBAAIE J ^PM/A/0/^ ALU/^//lfC/M AA3/2/ DAT/NY? /ad J 
TOAO//rO/ CANADA 

Z>B'AYBCr/0/Y Bu/ZyBD AYZZ MOAIBNT 3£AB//J<Y^ A/y. Y><i>S4-J 
3 bbn£ /YAYDaY B£A£/M6f S>/i^/o/y/Y^ 




APPENDIX B 


EFFECTS OF CREW MOTIONS AND VERNIER THRUSTERS ON 
TRACKING AND IMAGE STABILIZATION 

The following three pages show the effect of crew motion and 
small thruster firings on the tracking and image stabilization 
for the AFPT. The first curve plotted on each page shows 
the input disturbance. The second plot shows the resulting 
motion of the shuttle vehicle. The third plot shows the pointing 
error of the main telescope mount caused by the vehicle motion. 
The last plot shows the excursion of the image from its nominal 
position in focal plane. All the curves are based on a 0. 1 second 
time constant and an effective overdamped condition for the servo 
system. 
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